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In claiming for this little volume a modest place in 
Mr. Weale's now celebrated Rudimentary Series, I 
venture to offer a few words of explanation as to the 
mode in which I have been led to treat the subject. 
[ After a brief allusion in the earlier pages to some 
celebrated works of antiquity and to the ancient modes 
of procuring water which were practised in the East, 
the second part of the book is devoted to a mixed 
geological and hydrographical examination of the sur- 
' face of England. 

This has been thought necessary in consequence of 
the extreme importance which physical structure exer- 
cises in every question of Water-supply — an importance 
which attaches alike to every source of supply, whether 
from springs^ rivers, wells, lakes, or drainage areas. 
This branch of the subject is in itself so extensive that 
I can only pretend to have given a very meagre and 
imperfect sketch of those geological and other physical 
conditions which affect the water-yielding capacity of 
various districts* I trust I have said enough however 
to open up the subject to the attention of the young 
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student^ and to point out the right direction in which 
his investigations ought to be pursued. 

The third part relates to the sinking of wells and 
borings, on which it has not been necessary to enlarge 
very copiously, inasmuch as the present series already 
contains a very interesting little volume by Mr, Swin- 
dell devoted especially to that subject. 

In the fourth part, relating to pumping machinery 
for raising water, I have attempted to describe the 
principal varieties of engines and pumps used for this 
purpose both in this country and America, and have 
brought together a mass of facts and calculations re- 
lating to the duty and power of pumping engines of 
various kinds, and to the cost of pumping water, which 
I trust will not be altogether uninteresting. 

The subject of raising large volumes of water by 
means of steam power engages unusual attentk>n at this 
time, not only in reference to Waterworks, but also as 
bearing on the sewerage of towns, and especially that of 
the Metropolis. I have therefore dwelt at some length 
on the questions connected with actual engine-power, 
the nature and extent of the surplus or auxiliary power 
which ought to be employed, and the American system 
of using high-pressure engines for the auxiliary power. 
The calculations and tables which are given in this part 
of the Work show the great economy resulting from 
this practice. 

The fifth part relates to Waterworks obtaining sup- 
plies from rivers, streams, and drainage areas, and con- 
tains some observations on the characteristics and flow 
of rivers, and on the cost and dimensions of embank- 
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ments for impounding reservoirs. This part also con- 
tains a few particulars relating to filter-beds and service 
reservoirs. 

The last part is devoted to the flow of water in open 
channels and pipes, and to the subject of gauging the 
flow of water under various conditions, as in rivers, 
pipes, and artificial open channels, also through orifices 
and over weirs. 

It was originally intended to have extended the Work 
so far as to embrace the distribution of water in the 
streets of towns, but it was found very difficult to 
compress the preceding important divisions within a 
sufficiently small compass to admit of this. The sub- 
ject of distribution therefore remains untouched; and 
as this division of the inquiry, with all its details of 
mains, pipes, services, standcocks, hydrants, etc. etc., 
will of itself be amply sufficient to fill a single volume 
of the series, it is proposed to treat this part of the 
subject in a separate form and at a future time, the 
distance of which will depend somewhat on the recep- 
tion accorded by the public to the present humble 
attempt. 

I avail myself of this opportunity to express the very 
sincere obligations I am under to many kind friends 
and professional acquaintances, who have aided me with 
advice and information in every department of the sub- 
ject on which I have sought assistance. 
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j 14, Tarh Street, Westminster, 

1 June, 1856. 
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VARIOUS MODES ADOPTED FOR 
OLLECTING SXIPPLIES OF WATER. 



Sources from which water is commonly procured have, in 
'nifity, only one origin ; namely, the supply given by nature in 
ll» form of rain and snow falling from the clouds. The water 
4bs bestowed may be seized by man in various forms. It may 
le taken in a comparatively pure, distilled state, as it falls in the 
ih^ of condensed vapour from the clouds, free from admix- 
tiiK with any earthy Baits, or infusion of any other ingredients 
except those which it meets with in passing through the air. 
ItiDBybe collected from drainage areas, where the quantity of 
tun happens to be greater than that which evaporates and 
linh into the earth : again, it may be taken from rivers, 
■Ireams, or lakes, which are themselves supplied chiefly from 
^»inage areas: or, lastly, it may be taken from wells or springs, 
*bere the water bas accumulated after passing through strata 
>nd rocks of various kinds, and become much changed from its 
original state of purity by the absorption of gases and by liolding 
iii>6lDtion earthy salts and other bodies which it has met with 
11 il» Bubterranean passage. 

With respect to the first or primitive state of water, how- 
Wn well adapted this may be from its quality of softness, for 
WMn commercial and culinary purposes, it b confessedly not 
pilitable for drinking. It fails entirely in that agreeable taste 
Wpiirted to spring water by the gases, and even by the mineral 
outers held in solution. At the same time pure rain water is 
tOTBlnafale for maBy purposes, and would answer so meftfo* 



many otheTS where quality is of no coneequence nt at], thai the 
inquirer may at first sight ask with some surprise, how it is 
that means are not taken to collect the min water as it falls 
from the clouds instead of extracting it often by a difficult and 
ejpenaive process from the bosom of the earth. Let us ex- 
amine thia question a little more in detail. It ia evident, untit 
mankind had made considerable progress in the arts, tliere were 
no roofs of liauses or other buildings from which rata water 
could he collected, and therefore if any attempt were made 
to procure it otherwise than by embanking across valleys, and 
collecting a certain portion of the rainfall, as practised at the 
present day, It must be done by making an artificial impervioM 
surface, from which the water, falling in the shape of rain couU 
flow into cisterns placed to receive it. Let us sappose. ao 
acre of surface so constructed : the expense of doing tl\is at thi 
present day would probably not be less than one shilling pel 
square yard, or £212 an acre, independently of the valua ol 
the land. Now the interest of tliis sum alone, at 5 per cent., 
would be more than the value of the water which could bi 
collected on an acre of surface, assuming an arailahlft rain^ 
of 30 inches, which is probably as much as could be obtained 
in dry years on the average of England, after deducting sudi 
evaporation as would be unavoidable in epite of all precautiona. 
The whole quantity of water which could be collected on an 
acre of ground, from an available rainfall of 30 inches per 
annum, is under G81,000 gallons, which, at sixpencfr<^r thoa> 
sand gallons (a price at which water can not only be colled^ii, 
but conveyed and distributed in towns, even where pumping 
to a high level is necessary), would amount lo little more than 
£17, or about the interest of the money to be laid out in con- 
structing the gathering ground and purchasing the land alone; 
So much for the collection of perfectly pure rain watei' by 
an artificial surface. But it may be said, we possess in' the 
roofs of houses already built in every town, the means of o 
lecting rain water of tolerable purity, except when 
sphen is polluted by smoke, as in the metropolis. 
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esaminatioD, that the quantity whicii could he 1 
;ted ia whoUy inadequate for the wants of any given popO) 
lation. Let us assume that the roof-Hurface of any town a 
large group of houses ia equal to GO square feet for each inds 
vidual, an assumption which is probably much in excess of tiM 
real fact, then the annual quantity of water wiiich would bl 
collected on this surface on the same supposition as befoH{ 
with respect to available rainfall, would be 935 gallons, or lea 
than 3 gallons a day for each individual. Now the commoi 
allowance for towns in England, including every kind of UH 
both domestic and public, is not less than 20 gallons per head 
per day, lo that the rainfall alone will only give one-seventh 
tbe quantity actually required ; or, in other words, in order ti 
obtwn the required quantity we must assume an annual rainU 
of 140 inches, which is scarcely yielded in any part of Ul 
wwld. 

Professor Leslie calculates, in his Elements of Natural Pl# 
losophy, that the roof of a lofty house in Paris, containing e 
an average 35 persons, might deliver annually 1800 cubic M 
of tun water, which would furnish to each individual daily IS 
fifth part of a cubic foot, or mther more than one gallon. 

We find, however, notwithstanding the inadequacy of fl 
quantity, that Venice and many other continental cities hwn 
been for many years supplied with rain water, both from pubW 
and private reservoirs, which are commonly constructed unda" 
ground, for the purpose of receiving the water from the rooS 
Matthews, in his Hydraulia, describes one of these public reaei 
Toirs, whicli is situate under the court of the ducal palace fl 
Venice. Here the underground cistern is provided with' i 
und filter, through whicli the water passes, and flows into I 
covered well in a clear and transparent state. 

In speaking of a surface to collect rain-water from which sui 
bee it is to flow into a reservoir, it may be necesEary to notice, i 

fnang, that such a precaution for a reservoir is necassary, J 

to prevent the loss of ail the water by evaporation. E^ 
■ntttnc^ if a man were to make for himself a Ivkt ot d*** 
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large enough in surface to catch all the rain-water he required 
for his own use, calculating its area simply from the known 
rainfall, he would find that evaporation would carry o£F all the 
water as fast as it falls, and a great deal faster. From the 
very accurate observations made at the Highfield House Ob- 
servatory, near Nottingham, during the last year, we learn that, 
whilst the whole rainfall was only 17.3 inches, the evaporation 
was equal to 41 inches, or. more than double the amoimt of 
rainfall. As, however, the evaporation is in direct proportion 
to the area of the surface exposed, it follows that the rainfall of 
a very large drainage area may be collected in a small and deep 
reservoir with a comparatively small loss from evaporation. 

There being such obstacles in the way of collecting pure 
rain-water, we find that mankind in the very earliest ages have 
turned their attention to the stores or reservoirs which nature 
has provided in the shape of springs, rivers, streams, and 
lakes. 

ANCIENT MODES OF OBTAINING WATER FROM WELLS. 

We shall not attempt to follow Mr. Ewbank in his minute 
details of the earliest processes adopted by mankind for pro- 
curing water, by first kneeling down at the side of a river and 
drinking from the surface, after the manner of the inferior ani- 
mals, and then gradually advancing to use the hollow of the 
hand, and the concave cases or coverings of fruits for the pur- 
pose of lifting and containing the water. All this may be 
interesting in an antiquarian point of view, but is not within 
the scope of our present more limited inquiry. The first worke 
of primitive nations which interest us, and require attention, 
are the ancient wells, the remains of which are scattered over 
all the first inhabited countries, and the origin of which pro- 
bably goes back as far as the world before the flood. The 
earliest wells were probably mere drainage pits, dug in moist 
spots of ground to allow of the infiltration of the surrounding 
water. Such are the small square wells, dug or scooped out of 
the earth, and discovered by travellers at the present day in 
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parts of Africa, New Holland, and other uncivilised countries. 
yiaay of them are so shallow that they are emptied every day, 
and only supplied by the water which trickles into them dariog 
ihe night. 

Mr. Ewbank la of opiaion, that amongst the Rret people ia 
the world these wells were superseded soon after the aeveatii 
generation from Adam, about which time the discovery of 
mctaJB took place, and consequently the power of digging and 
penetrating through rocks. In fact, in the very earliest records 
which have been handed down to ua from the most remote an- 
liquity, as for instance in the writings of Moses, we have 
mention made of wells ; and modern travellers have not hesi- 
iHted to point out the sites of some of the most ancient wells as 
discoverable at the present day. Many of these wells, whose 
origin dates from the very earliest period, have passed throogh 
both rock and quicksand, and therefore exhibit a knowledge of 
workmanship and roode of dealing with mechanical difEcullies 
vhicb has not always been associated witli such remote anti- 
luity. Mr. Ewbank, in fact, asserts, that to the constructors of 
ancient wells iii the East we are indebted for the only known 
mode at present adopted of sinking deep wells through quick- 
Mads by the .employment of a curb, which settles and sinks 
doiTD as the excavation proceeds. 

Among the most ancient wells in the world are those which 
liesr the name of the Patriarch Jacob and his son Joseph : the 
fcrmcr situaie near Sychar (the Shechem of the Scriptures) 
Wd the latter near Cairo in Egypt. Jacob's Welt has been 
wiled by pilgrims in all ages, and has been minutely described 
by Dr. Clarke, in his Travels. It is 9 feet in diameter and 
lOo feet deep, made entirely through rock ; and when visited 
by Maundrell it contained 1 5 feet of water. 

Joseph's Well at Cairo is 297 feet in depth, and is altogether 
» much more elaborate work than the other, and indeed more 
«u than most modern well*. The mode of raising the water 
Vss by means of an endless rope, carrying eartbern pota or 
backets, and working over a wheel at top and bottom. 



to the buckets of the modem dredging engine, only that tha 
uhain of pots moved vertically, instead of working in a sloping 
direction. 

The endles» rope carrying the pots was put in motion b 
oxen walking round in a circle ; and as the depth of the wel 
(nearly 300 feet) was too great to be worked in one lift, it va 
divided into two separate shafts by a compartment large enoug 
for tlie oscn to work in, at a depth of 16.5 feet below Uift 
surface of the ground, Herein arises the great peculiarity of 
this well ; the upper shaft having a section of 24 feet by IS,, 
with a spiral passage winding round it from top to bottom, of i 
sufficient dimensions to allow the oxen to pass from the Biir«j 
face to the working chamber at the lower extremity o 
upper shaft. The spiral passage is 6 feet 4 inches wide and T 
feet 2 inches high, and is made with so gradual an inclination 
that persons ride up and down upon asses or mules. The lo■we^^ 
shaft goes from the bottom of this chamber to a further depth 
of 132 feet. This lower shaft is not in the same line as th«i 
upper one, but a little on one side, and is smaller in dimen-. 
nons, being 16 feet by 9. The oxen working in the chambdti 
between the two shafts raised the water into a reservoi 
mediately at the bottom of the upper shaft, through which ; 
was again raisecl lo the surface by another chain of pots, workfl 
by oxen at the top of the well. 

The extraordinary skill displayed in the construction of t 
well has excited the admiration of all travellers who haroi 
visited it. The spiral passage surrounding the upper shaft » 
executed with the Utmost precision, a very thin portion of thai 
rock (only about 6 inches) being left between the passage and! 
the cavity of the well. Semicircular openings, or loophole^ 
are formed at intervals, by which tlie spiral passage is dindy. 
lighted from the interior. Many curious conjectures havO! 
been lianarJeJ as to this remarkable well and its peculiar oIk 
long form. This latter has been attributed, with some show^ 
of reason, to the necessity for lighting the interior, and to tbe 
fact that this form would admit the light of tbe sun during ■ 
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more hours of the daj than s. square or circular section, 
flicting opinions are also entertAincd as to the date of tl 
The common people of Egypt ascribe it to the pat: 
Joseph. Many antiquarimiB, however, are inclined to in 
the well to be of much more recent date ; some asciibing 
the famous Saladin of the Crusades, whose real name wSA 
YoBsef (or Joseph) ; while others believe it was made by a 
yizier named Joseph about 800 years ago. 

The celebrated well of Memzem at Mecca dates, atcordii 
to pt^ular tradition, from a higher antiquity even than Jacob' 
WflU, being in fact venerated as the well from which II: 
'nmnuhed the ancestor of the Arabian people ; the construdii 
flf.tfee veil itself being attributed to Abraham and Isaac. 

'The oasis of Thebes contains Artesian wells, whiuh h: 
been noticed by Arago. The practice of the ancient inhalnt- 
BBts was to dig square wells 60 to 80 yards in depth, Ihrougti 
lbs EBperficial vegetable soil, clay, and marl, down to the lime- 
rtwie rocks, in which borings 4 to 8 inches in diameter 
iban made. These holes were fitted with a block of sandstone^ 
lAi^ was furnished with an iron ring, and was used to staf 
ibo-mpply when necessary. 



OTHBH AMCIBNT i 



S OP OOLLBCTING V 



Aithongh the very earfiest people appear to have procured 
voter chiefly from wells of various kinds, and sometimes fronb 
tnetvcAn and cisterns formed at spring heads to collect the 
mter, it is evident that in process of time these means would he* 
wnne insdeqaate, and the wants of increasing populations coQ.; 
canttated in towns would require other modes of supply, Hene» 
V6 'find tliat aqueducts were used for conveying water into 
■fvwiu from a "very remote period of history, 

'It n probable that the great canals and lakes of which tracei 
101 exist in Egypt were used as reservoirs for storing tin 
TISterB of the Nile in times of flood, in order that they 
bt used for irrigating the land during dry seasons. The grea* 
UUeducts, reservoirs, and other hydraulic works of ancieni 



Egypt are perhape not less wonderful, and certainly mere I 
more osefu), than their pyramids and colossal Bcalptim 
Savary, in his " Lellres sur CEgyple," describes some woi 
of extraordinary magnitude for raising water into high resi 
voirs near Cairo, and observes that in other parts of the col 
try the Egyptians conveyed the water to the tops of h3 
where immense cisterns were hewn in the rocks to receive 
and whence it afterwards flowed among deserts, which ti 
great people Iranaformed into fertile fields. 

Many parts of Syria contain the remains of aqueducts whi 
are undoubtedly of great antiquity. Those in the neighhol 
hood of Tyre and of Jerusalem are attributed to Solomon, n 
lived 1000 years before the Christian era. The ancient aqi 
ducts of Antioch and Hamah have also been noticed by ma 
modern travellers. 

The earliest account of any aqueduct for conveying wstei 
probably that whioh is given by Herodotus (who was b< 
B.C. 484 years). He describes the mode in which an ancit 
aqueduct was made by Eupalinus, an architect of Megara, 
supply the city of Samoa with water. In the course of tba 
aquedact a tunnel, nearly a mde in length, was pierced throng 
a hill, and a channel 3 feet wide made to convey the water. 

The first aqueduct of ancient Rome was that constructed: 
B.C. 331 years, by the censor Appius Claudius, after whom 
was named the Appia Claudia. Before the construction ' 
this work, which brought in the water from a distance of abcMat! 
1 1 miles, the inhabitants derived their supply from the T^ber, 
and from wells and springs in the immediate vicinity of thc 

About 100 years later the celebrated aqueduct, called the Aqt 
Martia, was commenced by Quintua Martius. This began at ft 
spring 33 miles from Rome, the length of the aqueduct itsdf 
being upwards of 38 miles, or about equal to that of the New 
River. The works, however, are of a much more gigantie. 

aracter, there being a series of nearly 7000 arches, some oC 
I 70 to 100 feet in height. Many aqueducts wei 



etructed during the reign of the Emperors, as the Aqi 
giaia, in the reign of Augustus, the aqueduct for conveying; 
the Anio in the reign of Nero, and the Aqua Claudia ia; 
the reign of Caligula. This last work commenced at thi 
distance of 38 miles from Rome, and was formed ande 
ground for 36^ milcE, about 3 miles of ivhich consisted c£ 
tunnelling. The supply of water to ancient Rome was com-' 
pnted by Professor Leslie, on the authority of Sextua Julioa 
Frontinna, who was inspector of the aqueducts under the Em^ 
peror Nerva, and who has left a valuable treatise on the 
subject, at 50 million cubic feet per day for a population of one 
million souls. This gives the immense average per head of 50 
cabic feet, or 312 gallons, a consumption quite unequalled u 
modern times, except in the city of New York, where it is smd. 
to have amounted nearly to this quantity. 

Tlie Roman aqueducts were mostly built of brickwork, and 
consisted of nearly square piers carried up to a uniform level, 
allowing for the fall of the water, and connected by semi- 
circular arches, ou which the conduit for carrying the water 
■was placed. The conduit had a paved or tiled floor, side walls 
of brick or stone, and a roof formed by an arch turned acrosa 
it, or by a flat coping of stone. Various opinions have been 
hazarded by modem writers to account for the peculiar practica 
adopted by the Romans of conveying their water by means of 
a uniform channel through hills and over valleys, instead of 
adopting the modern system of following the undulations of 
the country by passing over hills and descendmg to the bottoms 
of valleys. A writer in Lardner's Cycloptedia thus expressM 
himself: "Ignorance of the principle bg iehich liquids return to 
their level is shown in the construction of aqueducts by tha 
Hncienta, for supplying water to towns." This supposition ia 
grossly inconsistent with the skill and acquaintance with the 
laws of nature displayed by the Romans and other great nations 
of antiquity, as eshibited in the very aqueducts which this 
writer condemns. Frofesaor Leslie says nothing cei 
foimded tban the opinion that the Romans were unacquainti 

B & 
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vith the laws of hydroBtAtJcs, and, therefore, with the -methyl 
of conducting and raising water through a train of pip4^ 
'• The ancient writers," he obeerres, " who either treat of tt? 
subject ot incidentally mention it, are clear and explicit in thra' 
remarks, while many vestiges of art still attest the accuracy dS 
these Etatements. Pliny, the natural historian, lays down t)fl 
main principle that ' water will invariably rise to the height rfl 
itE source.' He subjoins that leaden pipes must be employM 
to cany water up to an eminence." Pailadiug, VitroviUB, Hlfl 
other Boman writers deecribe the method of cOBvaying ^T^lH 
in leaden and earthenware pipes. H 

Some of the Roman aqueducts were uncovered or opfl 
channels, and of course had to be formed with a uniform iH 
olination, or the water would not have flowed through them fl 
oU. In other cases, where the aqueduct was covered, it wai n 
question of espenee between making the conduit suffioienUy^ 
strong and watertight to resist the great pressure of ■water ta 
which it would have been subjected in the valleys, or, on thft 
other Land, raising it a sufficient height to moke the flow uni- 
form and reduce the pressure to a minimum. It was not, in Jac^ 
till the introduction of cast-iron pipes, strong enough to •mtlb- 
stand the pressure of a column of water equal to 3, i, or 500 
feet vertical, that the moderns were able to adopt the mode of 
crossing hills and valleys by following the undulations of the 
ground. In the construction of the New River aqueduct, only 
250 years ago, no other principle was thought of than that rtf 
a uniform channel foe the water ; the only difference between 
this and the Roman nqueducls being its excessively tusud, 
character ; for, instead of boldly passing through hiJla and over 
valleys, it winds around the former and creeps up the latter £bi 
order to diminish every artificial work to its least possiblft.' 
dimensions. Yet wlio ever thinks of decrying the New RivWi 
or treating contemptuously the skill displayed by its con- 
structors ? Considering tlie period of its execution, it was- U 
great a work as any which distinguiahes our own times. 

Some of the Roman aqueducts were remarkable for hei 



Jmilt in tiers or arcadea ane above another, and several of 
miadi supplied the imperial city brought in tlie water ofj 
■epoiste EtreaniE at difTerent levels one o\'er the other. 

Nor did the genius and enterpriee of the lioman people 
COtitent with the embellishment and improvement of their 
inunedi&te territory hy means of these magniiicent woiks 
Alt, Tbroughout ail the continents of the old world, whereTUf 
the fioman eagles liave penetrated for conquest and civilisatiOB, 
lime we Jind the remains of their gigantic aqueducts. Not 
<mhf Italy and Sicily, but the more distant lands of Greece, 
Ttaoce, and Spain, contain ahundaat traces of these greet 
worliG. 

Solh the Moors and the Romans have left remains of muM 
magei£ceDt hydraulic works in Spain. An embankment, 8i 
feet wide and 150 feet high, stretches across a gorge on the roiri 
from Alicante to Xativa, and dams up the mountain toirenli 



TJse Boman aqueducts of Segovia and Senile still sup^ 
IhOK Spanish towns with water ; while tlie noble aqueducts 
NitmeB, Metz, and Lyons, in the south of France, are ii 

; monuments of Boman renown during their posseci 
of ancient Gaul. The Pont du Gaid, that wondetial 
: consisting of three tiers of arcades placed one ovei 
the other to the height of 150 feet above the valley, still «x- 
Ubits the sectional area of the Nismes aqueduct. M. Genieysji 
bnnerly engineer- in- chief to the municipality of Paris, t 
«td&tes the quantity of water supplied by this aqueduct 
Stnij 14 miUion gallons per day. 

llie ancient works executed under the later Bonmn emperoM 
brtke mpply of Constantinople, combine the systein of aqus- 
4sctB with tlie collection and impounding of water hy means d 
HMTVoira at the head of the aqueduct. The impounding ts- 
MTvoiis are situate about 12 miles from the raty on the sk^MS 
of a range of mounlains, wliioh form the south-eastern pro- 
longation tif the great Balkan chain. There are four princi] 
neducts, one of which conveys the water collected by 
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separate reservoirs, while tiie other three are each supplied H 
its own reservoir. Besides these extensive provisions fil 
securing water to the city there are immense subterranean TB 
servoirs, one of which, now in ruins, is called the Falace of tH 
Thousand and One Pillars, not hecause this is the precise num) 
her supporting the roof, hut because the number is a favouriti 
one in the espresaion of eastern hyberhole. This great 8ub- 
terranean cistern is supposed to have been made by the Gred 
emperors for the purpose of storing water in case of a Biejfj 
or similar calamity. Although originally of great depth, it I 
now nearly filled up with earth and rubbish. It ia eingola 
that in the nineteenth century we are reviving in our covers 
reservoirs, for the purpose of storing water in a state of freul 
ness and uniform temperature, the practices which were All 
lowed nearly 2000 years ago by nations whose modem dflj 
scendants are half barbarians. 

The works of the ancient Peruvians, constructed for the pur- 
pose of irrigating vast rainless districts of country, are not ub 
ferior to those which have been executed by other natiooi 
The necessity for water in South America will he well undn 
stood when we reflect that along the coast there are districl 
of 2000 miles in extent in which no rain ever falls. SodJ 
very interesting notices of the ancient aqueducts and wells q 
Peru are contained in Garcillasso's Royal CommeatarieB q 
Peru, which were translated into English by Sir Paul RicftUl 
and published in London, 1688. 

He relates that the ancient locas devoted much of their' 
paternal care and attention to the improvement of the counb;^ 
and amongst other great works constructed numerous aqoe-' 
ducts for conveying water from the hills to fertilise the other' 
wise dry and desert parts of the country. Instances are 
related of insignificant streams being conveyed a distance of GO 
miles for the purpose of irrigating a few acres of land. 

One of the Incas made an aqueduct 120 leagues in length, 
to convey the water of certain springs, which r&ae near the aom- 
mit of a high mountain between Parcu and Picuy. The aque- 



duct was 12 feet in depth, and watered n tract of country moi 
than 50 miles in breadth. Another great Feravian aquedi 
150 leagues in length, traverses the whole extent of one large 
province, and irrigates a vast extent of drv and arid pasture land. 
The Peruvians do not appear to have practised the method of; 
traversing valleys by bridging- them over with arches, but coi 
veyed their water round the niountains, following such a c(» 
tour 83 gave them a proper inclination for the water-eourae- 
something in the same style as that in which the New Rive^ 
was originally brought from Chadwell Springs into London. 
It appears from the account of Garcillasao, that the Feruviani 
had numerous wells, from which water was rwsed for irrigation 
and other purposes ; but at the time of the Spanish conquei) 
many of these wells were used as hiding-places to eonceiJ 
treasnre, and being filled up with earth, in order more efiee-> 
tnally to hide them, the sites became obliterated, and all trace* 
of the v^ells were destroyed. 

ON TBK OBieiN AND NATURE OF BPRINQS, AND THE 



Of the water which falls from the clouds in the form of rain 
and anow a certain proportion runs off the surface, and 
received by rivers and open water-courses ; another portion' 
enters into union with vegetable substances, a third porlii 
evaporated from the surface, and a fourth portion sinks into 
the soil, and passing through strata which are more or leas 
porouE, forma the subterranean reservoir which yields, u 
certain favourable circumstances those fresh, cool, and deli- 
raoDB springs, that are met with in nearly every part of the; 
vorld. To determine the proportion of the whole rain^ 
which actually sinks into the ground to be again yielded by 
tbe earth in the form of springs, is one of the most interesting^ 
problema presented to the study of the hydraulic engineer. 
Nor is it less important to determine the proportion which wiB 
Daturally flow off the surface into collecting or impounding 
re«en'oirs, this being the question which has usually to bt 



solved in the cMe of supplies of water obtained from gathering ' 
grounds or diainage areas. It is obvious that the propoi- J 
tions vary much acoording to circumrtances ; they depend J 
greatiy upon climttte, and upon the geological formation of Ael 
district, and they vary also according to the season of On 
year. Thus in warm weather everywhere, and in trojnl 
climates Uiroughoat the year, the evaporation must be ^ 
much greater than in colder seasons and climates, so that, i 
posing the rainfall to he equal, and all other thinga ajike exi 
the temperature, the quantity of water siniing through 
surface lo form springs, and the water running ofT to f 
rivers, will be much leBS in the w ar m than in the oold dim 
Again, with respect to geological structure, it is evident i 
a district of retentive impermeable clay will carry off id 
more water in its streams and rivers, will admit of 
evaporation, and will allow less to sink into the ground than 
district composed of permeable gravel, sand, or porous rods. 
The physical shape and configuration of a country has also 
much to do with the proportions in which the r^niall is di 
posed of, Thus, all other things being alike, a very hilly 
undulating country, full of steep slopes and deolivitiea, wH 
evidently pass off more water on the surface, admit of 
evaporation and of leas sinking below the surface than 
with a more level Eurfece, It is a subject of regret, that 
observations of a trustworthy nature have been made to d< 
mine the proportion of the whole rainfall, which sinks into iba 
ground in different districts. Such observations as WB dtf 
possess have frequently been made by partizans in order to 
support some view or theory of their own, and in other 
have been made, rather with the collateral object of comparing 
one district with another, than to determine the abaohitB 
quantity which penetrates in any one given district. Bk- 
Dalton found, in the course of three years' experiments on tiQ 
new red sandstone soil of Manchester, that 25 per cent, of tllB 
whole rainfall penetrated to the depth of 3 feet. Mr. Char> 
nock in his experiments during five yearsj on 
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lineEtone soil of Fenybridge, in Yorkslure, found that only 
19,6 per cent, of tile whole rainfall filtered through to thft 
depth of 3 feet, while Mr. Dickinson, having observed the 
infiltration during eight years tlirough the sandy gravelly loam 
which covers the chalk in the valleys around Watford, found 
that as mucli as 4S'4 per cent, of the whole rainfall penetrated 
to this depth. It is considered, that observations made with 
Dalton's rain-gauge, which indicates the quantity penetrating 
hi the depth of 3 feet, may be depended on as correct, to 
determine the yield of subterranean water in a given district, 
because it is probable, that at and beyond the depth of 3 feet, 
no e^poration takes place into the atmosphere. Mr, Dickin- 
son's experiments are very interesting, as they indicate not only 
the quantity wliich penetrates annually, but the varying pro* 
portion in each month. The following table, allowing tha 
iwult of Mr. Dickinson's observations during the eight yean, 
from 1833 to 1843, has been published in a paper by Mr. 
Parkes in the Journal of the Royal Agricultural Society, 
ToL v., p. 147. 
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. 2'63a 


0-390 
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3-837 


3-258 




. 1'641 
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i appe3,rs from these observations that in the first three 
Bumths of the year the quantity which penetrates is about 70 
ftt cent, of the whole minfall, that in the winter months of 
NovMnber and December nearly the whole rainfall sinks into 
the earth, while in the four summer months, from May to; 
August inclusive, the quantity which sinks is exceedingly small 
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amonnting on the average to little more than 2 per cent, o 
the whole rainfall. 

Mr. Stephenson, in his report on the spring water iron 
Watford, calculates the area or watershed draining into tb 
rivers Verulam and Colne at 113^ square miles, and h 
assumes the annual rainfall of the district at 20 inches. TIm 
total quantity of rain faUing on this surface would thus hn 
equal to 14^ millions of cubic feet in 24 hours. Mr. Telforc 
found that in a dry season the rivers which drain this distrid 
carried off 30 cubic feet per second, or about 2^ million feet 
in 24 hours, which is equal to nearly 3^ inches of rainfeiH. 
Dr. Thomson, however, calculates the quantity carried off bj 
the streams and springs at 4 inches, and Mr. Stephenson 
adopts this quantity in his calculations. He then assumes 
that the evaporation in a chalk district, together with the 
quantity absorbed by animal and vegetable life, is equal to one- 
third of the whole rainfall. 

The following table therefore represents the results whidi 
Mr. Stephenson arrived at for the chalk district round 
Watford :— 

Millions of Inchei of 

Cubic feet rain per 

per day. annnou 

Quantity carried off by rivers and streams . • 3 4 

Quantity evaporated and absorbed by animal and 

vegetable life 5 6{ 

Quantity sinking into the ground to form springs . 6| 9^ 

Total rainfall Hi 20 

Proportion of rainfall which sinks below the surface, 44*8 per cent. 

On referring to Mr. Dickenson's table at page 30, it will be 
seen that the quantity which he determined from actual experi- 
ment as penetrating below the surface was 11*3 inches out of a 
total rainfall of 26*6 inches. This is equal to about 42*4 per 
cent., or rather less than Mr. Stephenson's calculation. Other 
observers who have written on this subject have calculated, 
roughly, in formations less absorbent than the chalk, that 
streams and rivers carry off one-third of the total rainfall, that 



1 another third evaporales and enters into animal and ve^tablofl 

1 life, while the remaining third sinks into the earth to fornn 

1 inbterraDeau sheets of water, and breaks out a^in in the formfl 

' of sprtags. Mr. Preetwich, an able and practical geologist,! 

who has distinguished himself by numerous papers of greoM 

value, and who has devoted himself to a very interesting ex-l 

eminatioti of the tertiary and cretaceous formations surround-l 

tad experiment, the following table, to show the probablel 

rtrata which surround the metropolis : — 1 


Lower tertiary eand 

l]pp« green «^d. . . 

lower green sand . 


aniiU rsinftU. 


Amonnt of H 
infiltrXion. U 


Inches. 


Inches. 


Percent V 


25 
26 i 


10 
16 


i| 


, Springs which break out on the surface of the ground ara 
caused in various ways : sometimes by simple superposition i^ 
1 porous stratum on one which is impervious to water, and 
sometimes by the action of faults, 

ditioDS under which springs are met with, where c is a cap of | 
Rg. 1. Fig, 2. Hg. 3. J 

1 " Pralwich on the Water-bearing Strata of London, p, 120. John Via 1 
[ Voont.l9Sl. ( 
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^DrouG sand or giavd, resting on d, on impeitne&ble 
ciay. In Ibis case a portion of the water falling on the 
tuiface of the coTering will penetrate downwards un 
stopped by the clay, and will break out at a and b in 1 

of spiingE. Where the underlying clay has a basin-ri 
hollow form the water will accnmulate in ihe lower put « 
sand to the level of the horizontal line a b, and below ti 
the Kand will he permanently saturated with water, 
many of the springs around London arise from tl 
lod^ng in depressionB filled with porous grave!, which it 
the thick beds of London clay beneath. Katnpstead I 
luiother example where a mass of porous sand rests aaa 
bed of impermeable London clay. At a number of p 
round the heath, the water eecapes from the sand in 
and finda its way over the surface of the London clay, 
are a great many towns situated in clay diEtricts all over i 
land, where the water is procured, either from springs t 
in the drift-gravel lodged in basins and hollows, ( 
sunk into this drift-gravel to a point below the line of ii 
tion. Many of the surface wells of London drew th«r a 
from this source, the water being derived from i 
termed land-springs, to distinguish it from the deep well-l| 
lying below tlie London clay. Many towns on 
sandstone, as Ldceater, Nottingham, Wolverh 
had shallow wells under tiie same circunutances. The n 
procured from wells of this description is commonly t 
jr to that drawn from deeper levels. 
Figure 4, taken from Dr. Buckland'a Bridgewater ' 



rexhibits the origin of two kinds of springs. The valley B J 
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a -wlach springs are cauaed by contact of a 
e with an impermeable stmtuni, and the hill c is one on 
s of which, as aif, epringa are caused by the action of 
The following description is in the words of the dis- 
d author of the Bridgewater Treatise. " The hills A, 
s suppoaed to be foimed of a permeable stratum, a a! a~, 
tuting on an impermeable bed of clay, b b' b". Between these 
tm> hills is avaliey of denudation fl. Towards the head of this 
y the junction of the permeable stratum a rf with the clay 
])tibb' produces a spring at tlie point s; here the intersection 
ofthese strata by the denudation of the valley affords a peren- 
e to the rain-water which falls upon the adjacent up- 
tmd plain, and percolating downwards to the bottom of the 
IS stratum a a', accumulates therein until it is discharged 
ly numerous springs, in positions similar to s, near the head 
ud along the sides of the valleys which intersect the junction 
of the stratum a a' with the stratum b b'. 

" Tlie hill c represents the case of a spring produced by a 
fiudt B. The rain that falls upon this hill, between h and d, 
^cends through the porous stratum d' to the subjacent bedi 
of clay b". The inclination of this bed directs its course 
lowuds the fault u. where its progress is intercepted by the dis- 
located edge of the clay bed &', and a spring ia formed at the 
point/. Springs originating in causes of this kind are of very 
ft«<|uent occurrence, and are easily recognised in cliffs upon the 
I shore. Three such cases may he seen on the banks of 
the Severn, near Bristol, in small faults that traverse the low 
I cIKTof red marl and lias on the N.E. of the Aust passage. 
In inland districts the fractures which cause these springs are 
I utiully less apparent, and the iesues of water often give to the 
geologist notice of faults, of which the fbnn of the surface 
\ »Bwd» no visible indication," 

Other conditions, under which water occurs, are illustrated 
in figs 5, 6, and 7. In fig. 5 a ia an impermeable cap of clay, 
ntUng on a porous bed, b, which in its turn rests on an im- 
permeable stratum, c. The water which falls on the surfiice 
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of B, and perhaps some of that which falls on a, will sink ii 

Kg. 5. 




the porous stratum b, and accumulate nearly to the lerci d 
a b, at which level it is drained by springs, which break o^ 
at c. In wells sunk at e and/, the water will rise to the lenj 
of the line ab; also, in borings made at d, the water wfl 
probably rise through the bore-hole and overflow the surfiMii 
forming what is called an overflowing Artesian well. It il 
evident, if the mass a covered the permeable strata to a higlia 
level than c, namely, to as high a level as the edges of the bed 
c, then the line of saturation would correspond with that nppei 
level — a distinction which will be sufiiciently understood bj 
inspection of fig. 5, without the aid of another diagp^m. 
Fig. 6 represents the case of a basin drained by a riva 

Fig.6. 




and having an inclined line of saturation. Here a, b^ and c 
represent the same successiou oi strata «a in fig. 6. At t 
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bere the water lodged in b finds the menoa of 

and hence the line of Eaturation &nd the height 

water will rise in wells becomes the hne s b, drawn 

outcrop of c to the mean level of water in the 

I-vident, if any part of the surface of b should lie 

,, _ i, then we may expect to meet witli spi'ing;a j and 

O, if any part of the' surface of a should lio below a b, then 
re may expect to find overflowing Artesian weils, 
It is probable that the line of eaturation, a b, 
liably a straight line, but in dry seasons is deprewed into 
I hoUow curve beneath the straight line, while in wet seasons 
t swells into a convei curve above the straight line. 
conceive it to swell in wet seasons to such an eitent 
to cat the surface c nt atiy point to the right of the 
ts A, we shall have for a time a spring flDwing at that 
nt. This is one mode of accounting for intermittent 
of which will be hereafter noticed in speaking 
of chalk districts. 

Ry. 7 shows an arrangement of strata which often prevails 

Fig. 7. 




io nature, the impervious mass c cropping out at very dif- 
ferent levels, a and b. Here the line of saturation slso will 
be bclbed from A to a, and at this level the water will stand 
n ireUi sank between a and b. This explanation is somewhat 
It TOriance with that ^ven for fig. 1, plate 69, of Dr. Suck- 
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The chalk is a formation of great extent, not onlj- ii 
land, but all over Europe, acd there is every reason to fiappi 
that at a former period — of course long before the age of h 
tory — it overspread nearly two-thirds of the whole of this a 
tinent. Its extraordinary composition, due in a great m 
sure to the exavic and other remains of entomostraca I 
other microscopic beings, mingled with white mud, like ti 
of tropical seas, und the debris of coral islands, and abound 
with large forms of marine organic life, clearl)- point out 1 
great conditions ander nhich the chalk of England has b 
formed, namely, in the deep and tranquil seas of a fonaer wo 
swarming witli all the rich and varied fauna peculiar to B 
conditions. To-day we find this great ocean bed of wl 
mud hardened, consolidated, and raised up into dry li 
occupying thousands of square miles of teri'itory, and preH 
ing every kind of undulation and irregularity of surface, E 
when we come to the outside or escarpement of a chalk distri 
we find a broken truncated outline, which shows clearly thtt 
this great formation once extended much further than its j 
sent limits, and tells its own tale in language as plainly a 
two opposite chalk clifls of France and England show t 
the chalk has formerly been continuous between the two c< 
tries. Again, when we see the chalk lost beneath the 
sands and clays which cover it everywhere in the neighbaJ 
hood of Ijondon and in Hampshire, and see it reappear o 
other side of the basin, we know perfectly well, iodependeaS 
of the evidence of borings and wells, that the chalk is continw 
ouH beneath the overlying strata — these simply reposing in* 
basin or depression of the chalk, which has not been raised Bi 
high as that which appears at the surface. Considering tbfl 
great extent of the chalk formation, and the numer 
placed within its limits, comprising the metropolis of Gre«l^ 
BritEun itself, besides many other populous places of minor 
consequence, it is evident that the hydrographical conditions 
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Ptf such a formation must be of great importance. We sball 

Ilhefeforc discuss at some length the phenomena of springs 
and wells in the chalk, (is these have an important bearing 
both on questions of present and future water supply. 
Mr. Prestwich, in his valuable work on the Water-bearing 
Strata of London, states the area of the chalk district immc'- 
diately surrounding the tertiary basin of Loudon at 3794 
I square miles, but this is 1)y no means the extent of the chalk 
tonnation in England. If we take the whole area of the chalk 
country nhlch extends almost without interruption from Flam- 
boTQugh Head in Yorkshire to near Bridport in Dorsetsliire, 
ud with few slight exceptions, and e.tcept where covered by 
tertiary or newer strata, occupies the whole area between 
ithas line and the coast, we shall £nd the great chalk basin of 
tkigland occupy an area of not much less than 13,Q0(> square 
Biles, or nearly one-third the whole surface of England. A 
considerable part of this area is, no doubt, covered by tertiary 
lad other deposits; but as the chalk extends beneath these, 
tad even influences materially the hydrographical phenomena 
triuch accompany them, it is usual to include the whole space 
K covered as part of the chalk basin. It is true also that 
throDghout a considerable part of Kent and Sussex there is a 
protmiioD of older rocks coming up to the surface, from which 
the chalk has been denuded, so as to leave an abrupt truncated 
ucarpment along the whole line of the north downs, aiid a 
corresponding one along the line of the south downs, Even 
deducting this interposed area of older rocks, however, which 
it termed the Weald of Kent and Sussex, we shall still have 
for the great chalk formation an area of nearly one-fourth the 
whole of England. According to a rough calculation the 
Sgures would be as follows ; 

B[i. MUm. 
ViM» trt* »t the chalk bnain, including ths Weald o( Kent 

udSoHex 14,707 

« of the Weald 2,181 




CHJLI.K BASIK 

The whole area of England, according to the last cenn 
I fiO.782 square inilee. and that of England and Wales 3S,] 

CHALK BASIN OF LONDON. 

The hydrographicol conditioni connected with the ) 
ohalk hasin of London formed a frequent sulijec 
at the Institution of Civil Engineers in 1842. The Bevi 
Clutterbuck, a g'cologist of some eminence, residing' at 1 
ford, took up the case of the miilowners in opposition to 
Stephenson's project of conveying spring water from Wal 
to London. In one of his papers Mr. Clutterbuck deui 
the line of country through which the river Colne flowe. 
of thia district, he observes, is covered with gravel t 
which the rain water percolates and finds its way into 
chalk, where it accumulates until it rises nnd finds y 
the small streams of the Ver, the Gade, the Bulbouni, i 
Chess, which are tributaries of the river Colne. Another ; 
tion of the Colne Basin is covered by the London and pi 
clays, on the surface of which the rain flows in (ypen cfaatf 
into the Colne, rendering it subject to sudden floods, 
the upper or chalk portion of Ihe district," says Mr. Clot 
buck, " a periodical exhaustion and replenishment of the « 
terranean reservoir lue continually going on." This be fau 
traced through a series of wells, and found to be exactly m 
proportion to the distance from the river or vent. Mr. Clut- 
terbuck first drew attention to the effect of pumping from the 
deep London wells sunk into the chalk. He stated that tbe 
effect of pumping during the week was to reduce the level of 
the water to the extent of 3 inches, and that the orig-inal level 
was resumed on Monday morning, owing to the cessation of 
pumping during Sunday. The alternations of level are some- 
what varied by heavy falls of rain, or by extraordinary cessa- 
tions of pumping ; bat Mr. Clutterbuck assumes, as a general 
rule, that the relative heights of water in the wells 
distance from London pointed out and corresponded with fl 
m^opolitan holidays. 




Mr. Clutterbuck, in anothep paper, referred to a statement 
m Conybeare and Phillips' Geology, (Book I., Chap. IV., 
page 35,) in which there appeared an anomaly in the height to 
which the water riees in certain wells on the nurlli aide of 
London. Thus, at Mile End, the water stood at ihc level of 
hi^h water mark in the Thames ; at Tottenham, 60 feet ; at 
Eppiog, 314 feet; and at Hunter's Hall, 190 feet above that 
level. Rejecting the Epping- well, for the reason which will 
be given presently, Mr. Clutterbuck stated, that if a straight 
line be drawn on a vertical section from the level of the water 
at Hunter's Hall to mean tide level in the river Thames, it 
will cat the water level in the other wells, and give nearly the 
average inclination of 10 feet per mile, or something less than 
that which he had ascribed in his former paper to the water 
level in the wells between Watford and London, The author 
njects the Epping well, because he ascertained on the spot 
that the water was derived from land sprmgs, and not from 
the sands of the plastic clay as in the other nell^. 

In order to prove the depression caused by the London 
pauping, the author draws a straight line to mean tide level 
in the Thames from a point 3 miles south of the Colne and 
170 feet above high water mark, which is the level of the 
Cotne at Watford. 

This line, which would be foarteen miles in length, and 
wtnild have a total fall of ISO feet, or about 13 feet per mile, 
rota the water level at the point where it is drawn at Hendon 
Union Workhouse, and at Cricklewood between Hendon and 
Kilbum, from which fact Mr. Clatlerbuek infers that up to 
th!( point there is no depression of level caused by the pump- 
ing from the London wells. At Kilbum, however, the water 
level is considerably depressed below the straight line so 
dmwn; and in fact the water is known to iiaie stood here 
•ome years ago 20 feet higher than at present, so that he 
nlUihutes this depression to the exhaustion of the water by 
pnnping under London. 

Mr, Dickinson, an extensive millowner residing near Wat- 
l c5_ 



ford, haa kept for some years an ordinary rain gau^, and 
one on tbe principle suggested by Dr. Dalton. Tills lat 
shows the quantity of raia falling on the aurfece, which 
in so far Bs to be beyond the reach of evaporation, and wl 
therefore may he calculated to reach the interior reservoir 
the chalk formation, from which its springs and rivers are 

Mr. Dickinson has published the results recorded by 
tvro gauges for a period of eight years (see page IS), tiamdtv 
from 1835 to IS43. It appears from his obserrations thatthff 
averag-c rain fall la these years, as indicated by the ordinary 
rain gauge, was 26'61 inches, while the Dalton gauge gaw 
only an average of ll'29 inches as penetrating beyond tbt 
reach of evaporation. It further appears in these obaenra* 
tions, that from April to August inclusive, scarcely any of tht 
run descended below the reach of evaporation, whilst thft 
greatest quantities recorded by the Dalton gauge were usually 
in the months of October and November. It is remarkaUe 
how nearly the average absorption shown by the Dalton gauM 
agrees with that assumed by Mr. Robert Stephenson in 
report to the Watford Spring Water Company, Mr, £ 
phenson assumed that 6^ million cubic feet sank into the ea 
out of a total rain fall of 14J millions. This qaantity oi 
rain fall of 26-61, the average by Mr. Dickinson's gan 
would give 11'50 inches for the quantity absorbed, wher 
we have seen that Mr, Dickinson's quantity is 1 1-29 incb 
It must be observed, however, that according to Mr, Did 
the mininitim quantity absorbed in certain years falls very 
short of this amount. For instance, in the year beginn: 
September 1840 and ending August 1S41, the total rain filfii 
■waa 25-58 inches, and the proportion recorded by the Dalton 
gauge was only 4'67 inches, or Jess than -J of the total 
fiill. Seveiiil of the other years give the proportion o( 
absorbed at less than -j-, while in four years out of the e 
the proportion was rather more than half. 

If these observations of Mr. Dickinson are to be implicit^ 
3, it would not be safe to calculate on an absorption 




more thnn 4 inches on the chalk surface in certain dry years, e 
when the total rain fall is quite equal to an average i and 
Tssult of course would he atill lesa if we conceive an extremel; 
warm average temperature combined with a small rain fall 
20 iDS.,nbich is by no meaDH uncommon in this part of Englau 

Mr. CluCterbuck preferred the indications of nells to that 
the Dalton gauge, and pointed out several objecliona ai 
alleged errors in the results recorded by the latter. 

The Btreama which flow ofl^ the Chiltem hilla, as the Vi 
the Gade, the Bulbourn, and the Chess, have their orig 
in the water which sinks into the gravel beds overlying thi 
cbslk, and which being upheld by retentive beds in the cball 
(eeks a vent and fiowa off by those valleys. Mr. Clatterbuc 
describes the district of these valleys as a reservoir dippip 
towards the south, at an average inclination of nearly 300 fee 
' in H miles, or about 21 feet per mile. 

It appears to be the general opinion of Mr. Clutterbuck, thi 
Dean of Westminster, and other eminent geologists who havA 
studied the subject, that the surface of the subterranean resew 
voir in the chalk corresponds roughly with a line drawn froOM 
Ihe river Colne, at Watford, to mean tide level in the Thameis 
below London. They assume that in wells sunk to the chal 
in the neighbourhood of London, the water will rise to soma 
where about the level of this line. Tliere are facts howevcB 
connected with the variable rainfall at different seaaor 
the irregular pumping from the London welb, which materially 
sdect this water level. Thus, a considerable replenishment o 
the reservoir takes place between December and March incllM 
sive, and during these months the water accumulates in pro* 
portion to the distance from the vent below London, 

During these months the geceral level of the water line rise* 
above ita usual height, and the streams make their appearanotf 
at higher points in the valleys. In the season of eshaustioB 
again, which usually takes place between April and November, 
the water level is depressed, and the streams break out at lowel 
points. This variation of level at tUfferent seasons sometimM 
unoonts in the higher districts to 50 feet of vertical h«igttt. 



The pumping from the London wells produces Dot only 
^ftduEt] and permatient general depression of the water lil 
but even causes periodic changes corresponding almost wi 
the daily extent of pumping. Mr. Clutterbnck asserts Hi 
the level is gradually reduced by the pumping during the wa 
from Monday morning till Satunlay night ; that the cess&til 
of pumping on Sunday is marked by the increased height I 
Monday raoming, and that holiday times, such as Christm 
Easter, and Whitsnntide, may be distinguished, 
says Mr. Clutterbuck, " the measurement of a chalk well 
London would show the days of the week and the great fes 
va!s by the daily variations ; the seasons would be indicated i 
the average difference in the height of the level at differ* 
periods of the year ; and the changes of the weather, 1^ I 
falling of the rain, would also be shown." 

Dr, Biickland says Mr. Dickinson's rain gauge showed til 
during two-thirds of the year the rain which fell rarely m 
3 feet into the earth; but in November, December, Ji 
and February, it passed down into (he chalk in proportioi 
which accorded so constantly with the greater or less ainoDBt 
of rain falling in these four wet months, that Mr. Dickini 
had been accustomed to regulate the amount of orders undefw 
taken to be executed in his paper mills during the foBoTvinj 
spring and summer, hy the indications on this rain gauge of 
the quantity of water that descended more than 3 
preceding winter. 

Mr. Dickinson said the quantity of rain which penetrahS! 
the chalk in the four months from November to Febntwj 
viuied from 6 to J 7 inches, the former quantity being suffii 
to cause the flow of the principal springs. 

ON TBK WATEft LEVEL OR. LINK Ot SATURATION IN 




The inclination of this line in different parts of thi 
" 1 appears to vary with the dip of the stratificfltit 
itimea presents anomalies which are probably ciuised by 
fbot K merely locnl nature. Mr, ClutterbucVJ 
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baa ehown that the water line Id the district between Watford 
eitd Iioadon has an inclination of about 13 or 14 feet per mile, 
and tha.t the inclination in the district north of London is only 
about 10 feet per mile. Mr. Prestwich quotes eome obaerva- 
tioiu m«de by Mr. W. Bland on the height at which water 
■tsnds in two lines of wella abont 6 miles apart, traversing the 
dulk district between Sittingbourne and Maidstone. Redo 
big these observations, Mr. Prestwich finds that on one lii 
the inclination of the water line is 47 feet per mile, and i 
Ibe other 45 feet per mile, or nearly the same. All these ij 
cUnationa, both those of Mr. Ckitterbuck and Mr. Bias 
appear to correspond roughly with tlie dip of the chalk strata 
in the respective districts. In some other observations by Mr. 
Bland, where a difference occurs in the water level of 93 feet 
arid 102 feet in distancea of less than a mile, Mr. Prestwich 
eayi that these probably arise from some local cause. 



DIPRESSIOK OF WATER LETEL IN LONDON Wl 

Mr. Clutterbuck stated, in 1843, that the depreasii 
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centre of London amounted to 50 feet ; at the Hampstead Road 
30 feet ; and at the Zoological Gardens, 25 feet. Mr, David- 
son, from observations made in 1822, said the water in ' 
of the principal wella in London then stood at tiie level of 
Trinity high water mark. In 1843, the water did not » 
to within 50 feel of that level, thus showing a depression 
inure than 2 feet per annum. 



Tlie circumstances under which water ia met with in sinking 
near Watford are thua described by Mr. Stephenson 
report on the water supply. The valley of the Colne is covered 
by a bed of alluvial gravel ( ? diluvial) about 20 feet in thick- 
ness, and on sinking through this about 5 feet into the chalk, 
iibuiidant springs of water are met with, which i 
ide uid force as we descend. 

•phensoa then describes two experimentR wliicli he 



caused to be made at a well purpoHl}* sunk iu Busbey n 
Tiie first $et of experimeotB was intended to show whether 
EpringB which are met with tmroediatelj' on sinking' into 
chalk derived their supply from the river, and the resolt of bi 
curate gauging of the river showed that no effect whateverw 
produced when the water was repeatedly pumped out of a w 
34 feet in depth. He inferred from this that all direct conif 
inonication between the river and the springs was cut off ll 
the clay bed in which the former flowed. 

In the Tring cutting on the London and North- West« 
Railway, springs were met with which yielded a raillion galld 
per day, and although this part of the country is manyfl 
higher than Watford, the chalk was found to be : 
with water that it was extremely difficult, and even imposul 
by ordinary means to sink wells a depth of GO feet. 

Mr. FreEtwich is of opinion that water does not circul 
through the chalk by general permeation of the mass, but oi 
through fissures. He observes, that if a shaft be sunk ii 
chalk to a depth of say 30 feet below the level at which thi 
water stands, and the water be pumped out, it will be replaced 
hy the abstraction of water from the communicating fissnrei, 
and the distance to which these will be affected depends oi 
several circumstances, but chiefly on the bead of water on Of I 
above the level of the point of draught. In the higher chalk I 
districts the fissures are soon exhausted by pumping, and Mr. ' 
Bland mentions an instance in the high chalk district betwera I 
Maidstone and Sittingbourne where the pumping at one weD I 
drained another nearly a mile distant. At lower levels in the 
chalk district, however, and especially along the boundary of 
the tertiary area, as at Watford, the bead of water is usually 
much higher than the surface of the ground, and wclb sunk 
here can draw their supply from the whole mass of uplaii4J 
chalk lying beyond, and at a higher level. Hence the efieetl 
of pumping in this situation is much less sensibly felt than n 
the higher chalk districts. Mr. Faten, who wai 
a witness in &vour of the Watford supply, before the C 



mittee which sat in 1840, made Eome special esperiments to 
determine the efiect of pumping from contiguous wells in that 
ndghbotirhood. 

Uis first set of experiments consisted of sinkiug tweoty 
borings in a part of the vEilley at Watford, comprising two milea 
b length and three-quarters of a mile in breadth. These 
borings were each sunk to the depth of 134 feet, and the wit- 
Beas declared that he obtained an equal quantity of water firom 
tach boring. He then sunk a 12 inch boring in Bushey mea- 
JoWB to the same depth of ) 34 feet, and this boring yielded 
'180,000 gallons in 24 hours. His nest experiment was made 
by Muking a shaft 20 feet in diameter and 34 feet deep. This 
■ thift reached the chalk at 21 feet deep, and was sunk 13 feet 
into the chalk, the last 8 feet being solid chalk. At this depth 
of 34 feet the shaft yielded two million gallons of water per 
day of 24 hours. He then made four borings, each of 5 inches 
diameter, in the bottom of this shaft. The borings being 100 
leet deep, the whole depth from the surface was 134 feet, and 
the whole yield of water was then three million gallons per day. 
He further states that there are many wells in the neigh- 
bourhood of Watford yielding 400,000 galions per day. and 
quoted four borings, which together yielded 1^ million gallons. 
He seemed to be of opinion that in the neighbourhood of 
Watford the subterranean sheet of nater is so abundant aa to 
be inexhaustible, and that borings do not affect each other J 
even when made at very short distances apart. I 

The great mass of evidence which has been brought for- I 
ward of late years goes to show that a large supply may 
undoubtedly be obtained at those levels in the chalk district 
where springs now break out in abundance, and where sink- 
ings arc made below the line of saturation. At the same 
time there are many instances of very deep wells being sunk 
into the chalk through the tertiary strata, and proving 
dther entire failures, or yielding; a very small quantity of I 
water. Mr. Prestwich mentions a well at Saffron Walden, J 
li%!(Ji passed through 1000 feet of chalk before meeting with I 

in ' f ?■ ^ 



w. sufficient sapplv of water, and it was not till the wtq 
thickness of the chalk was traversed thnt water was obtatnfl 
Most of the larg-e wells at the hreweriea in London are am 
(ram 200 to 300 feet into the chalk, and at this depth few 
them yield more than 100 thousand galloos a day. The n 
in the Hantpatead Hoad, sunk by the New River Cotnpany, 1 
well at Sonthanipton, the famous artesian horing at' Crenelle, 
and more recently the one sunk hy M. Mulot at Cakia, hav& 
ali failed in procuriog any large supply of water from t 
chalk. At the fame time it has been stated, that the aggM 
gate yield cf all the wells sunk into the chalk id t 
hourhood of London is not less than 10 million gallons & d^ 
Some doahlB have been eipressed whether the water of t*^^ 
chalk be distinct from that of the overlying sands of the plaal 

Mr. Clutferbuck appears to think there la no real diatinctu 
between them, and that the water is all derived from the c. 
from which it rises up into the sands. 

Mr. Simpson, on the other liand, considers the waters of 111 
two formations are distinct, as they rise to different le« 
He observes, that previous to 1830, there were many ow 
flowing artesian wells on the west side of London, and 
believed that in the majority of these the water came from ti 
chalk, (See his paper presented to the Institution, giving I 
account of 67 wells.) 

Fig. 10, which is a section from Tring in Hertfordshire, t 
Seven Oaks in Kent, will serve to illustrate the principal hydra 
graphical conditions of the London chalk basin. In this si 
tioii A is the gault clay, an impervious stratum, which u 
lies the firestone, chalk marl, and chalk. The firestone a 
chalk marl are not shown in the section, because it is helievij 
in this chalk basin the water penetrates through both of tl 
and is really not stopped till it reaches the gault. In the s 
downs, UoWever, it is otherwise, for there Lydden Spol 
and other copbus springs are thrown out by the chalk marl, i 
ia the great mass of chalk 800 or 1000 feet in thicknese. 
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level of high water mark in the Thames is represented by ^H 
horizonta] line a b, and the presumed line of satnratt^H 
or height to which the water from the chalk will rise j^| 
BQT point between London and Trin^. is represented by t^H 
inclined line c d, drawn from the top of the gault below Trii^H 
to tide level in the Thames at Lewishnm, where the chalk ^H 
exposed in the basin of the Thames. It will he observed th^H 
in (his section I have not shown the beds in one continno^H 
nninterrupted baain-shaped arrangement, but intersected by tl^H 
faults, marked No. 1 and No. 2. The fault No. 1, whi^| 
brings down the London clay, d, to the level of. and in conta^H 
with the chalk, is clearly exhibited on the North Kent B^H 
London and Brighton Railways, hath of which it intersects^H 
New Cross, in a north-east and soulh-westerly direction. ^H 
has been well described by (be late Mr. lie la Condamii^H 
in a paper read before the Geological Society of London, ^H 
June, 1850.* With respect to the fault No. 2. although D^| 
exposed at the surface, we have good evidence of ita ext^H 
ence from well sections. Thus, the depth to the chalk bdoiS 
Trinity high water mark at Gray's Inn Lane, the Hampsteai 
Road, Tottenham Court Road, and the Regent's Park, i 
from 80 to 100 feel ; while at Trafalgar Square, Wandsworfl 
and Chelsea, the depth varies from 250 to more than 300 fefll 
which shows either a fault or a very great curvature of tj 
strata. Mr. Prestwich believes that this fault or axis of elevi 
tion, whichever it be, passes along the valley of the Thames, { 
an east and west direction. It is clear that this fault as wi 
as the one at Lewisham, No. 2, would be intersected I 
the line of our section. The main drainage of the chalk fot 
niation is not so much interfered with by these faults ae migl 
be supposed at first sight. The line c d shows the height t 
which the chalk may be supposed saturated with water, accord 
ing to the views first promulgated by Mr. Clntterhuck, ai 
afterwards corroborated by the Dean of Westminster and otb 
* Pablished in Vol. vi. of the Quorterl; Journal of liiz Geolopc 
SocietJ, page ■'*''■ 
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^^Knent geologists. The drainage of the chalk will still ta1 
^^Btte a.t d, notwithstanding the faults, because the coramunicai 
^pBftii between the separate masses of chalk is still uninterrupted 
' 'the fault being- probably not filled up with impermeahle clq 
and made into a puddle dvke, as happens in some districta; 
According to the views of Mr. Clntterbuck, the mater will rii 
n wells between Tring and London, to the level of c d, and h 
jas found by measufements of numerous wells, intermedial 
between the two places, that the water stands at, or nearly I 
tiiis height. It will be observed that the ground at Watford 
lies below the line of saturation c if, and this accounts for th* 
numerous springs which break out in the meadows there, a 
for the fact, that every excavation, made only a few feel 
depth, is immediately filled with water. Again, it will 
observed, that a part of the London clay district, close to tfatf 
metropolis, lies below the line of saturation . This is precisely 
the condition under which artesian wells mav be expected to 
yield a stream of water that will overflow the surface, 
boring down through the London clay, n, to the chalk on eithet 
side of the fault No. 2, we come to water which is acted on bjr 
the presaure from Tring or Knockholt as the case may be, ar 

(which, as soon as the boring is effected, rushes up through 
and rises above the surface namely to the line c d. This 
the explanation of many overflowing artesian wells in the 
^ Ddgbbourbood of Fulham, Brentford, and other places in tha 
^^leyoftheThi 
^^■[■31>e eectioD, fig. 1 0, differs somewhat from that given by ths 
^Bkan ofWestminster, in his celebrated Bridgewater Treatis^. 
^Twhere the line of saturation is drawn horizontally at the levd' 
I of Qxe low ground at Watford : and in the text of that work it 
i> Sftid that the water of artesian wells will rise to this level. 

I! prefer, however, the view taken by Mr. Cluttcrbuck, and. 
which 1 have here ventured to follow, and I do this without 
implying the smallest disrespect for the opinion of so erainen) 
i geolo^st as the Dean of Westminster, because I under- 
i that in the discussions which look place in 1842- 
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i and opinions of Mr. ClQtterbuck, the Dean e 
yrewed his agreement with him on this point.* The finlti 
which I have ventured to add in the section have only bi 

brought to light within the last few years. 



ENCINO THE FBSNOMBNA OF SPBINaS ASO THI 

The chalk basin of London appears to be interBected by 

two principal lines of diaturhance, one of which ha» neariy ID 
east and west direction, and follows the course of the Tbaniet 
from the Nore to Deptford.f The other la supposed to 
nearly at right angles to this passing across the Thames, m 
Ueptford, and ranging nearly north and south up the valley d I 
tlie Lea, towards Hoddesdon. The North Kent and Londoa I 
and Brighton Eailways cross these lines of disturbance near ' 
their intersection at Lewisham, and exhibit a curious series d 
small faults in a direction from north-east to south-west, oi 
nearly in adiagonal direction with the main Ucea of disturbance. 

The general effect of these faults is to bring down the ter- 
tiary sunds, and sometimes even the London clay, to the saint 
level aa the chalk. This will be understood from fig, 1 1, whi 
represents a section taken across the fault from west to eaet, ti 
the neighbourhood of Lewisham or New Cross 
section, from north to south, across BJackheath, shorn 
chalk below Blackheath and Greenwich Observatory, i 
tact with the London clay under Greenwich marahes, j! 

Fig. 1 1 explains the influence of tiiis fault, on the height d 
which the water will stand in wells sunk down through th« 

* T find IhF Dean saying, in the iliat^nssion al tlie Institution of C^Ti! 
Engineers, May 3Iit, 194!, "Mr. Clutlerbuck's repeMsd oljservatloiM B] 
welts along tbe line in qaestiDii mnit be coasldercd la hive pur 
existence of (hia bicUntd line." 

f Prcatwich, p, 40. 

t See B very intcreating paper by the Rct. H. M. Dc la Con 
M.A,, on the tertiary etratu and their cHalocntions in the aeighbourhooi ■ 
Blackheath, Vol, vi. Qnarterly Journal of Geological Society, p. 44R ■ 



a dity. A ■ ia a line representing the fault on the west 
le of which the impemoua raa'" of the London clav is thrown 
iwn in contact with thi. porous beda of tertiary «and and 
idk, so that the water in these sands will stand at the 
rI F on the east 'ide of thp fault and not h "her than d on 
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Pjl hooiaa clay. 



t Tertiary snncls. 
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^^i ud« : the diffiereoce between the depths of r p and 
b«3I riiow the different level to which the well will require 
be sank in the two cases. 

The wells ia Essex, even on the cast side of the fault, are 
mmonly of great depth, hot this is principally owing to the 
nervl elevation of the country, which renders it necessary to 
nrtiBte through a great thickness of the London clay, anme- 
im nearly 400 feet, before the same sands can be reached 
uA, at Tottenham and Mile End, are found from 50 to lOO 
it below the surface, and which at Lcwisham, Charlton, and 
(Kilwich, are actually at the surface. 

At Bow. Stratford, and West Ham, the water stands in wells 
about the height of high water mark in the river Thames, 
die in many parts of Esses it stands as much as 330 feet 
cm that level. It is not probable that the whole of this 
est difference in elevation is caused by the fault, although 
me portion of it may be so accounted for. The tertiary 
)da are not uniform in composition over extensive areas, and 
it pettible that the flow of water through them may be im- 
M bv inteiposed lenticular maseee o{ c\a.^ , «a&. ^>u i»»k>''>. j 
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^B-Of the Huomalies in connectioD with the Essex wells ma; 
^r BOme degree, be explaioed. 

In addition to the fav\t which has been nlready alladed I 
traversing the London district in a north and south direct 
there is aaother line of elevation passing east and west up 
valley of the Thames, which appears either to have disru] 
and broken through the strata beneath the London clay, o 
have bent tbem into a saddle-shaped form, and brought then 
within a comparatively small depth from the surface. Thisliu 
diBtarhance, however, does not appear to have influenced 
hydrographieal conditions of the chalk district, nearly so m 
OS the position occupied by the chalk in connection with 
impervious strata on which it rests. If we trace the will 
line of the chalk formation, both in the north and south dawui 
in Wiltshire, Hants, and again, in Hertfordshire and' Ci 
bridgeahire, on the north side of London, we shall find ■ 
marknble difference in its hydrographieal aspect. For instat 
along the whole range of the north and south downs, if 
except the insignificant streams of the Ravenabourne and 
Wandle, the uniformly arid nature of the surface is not vai 
by a single streamlet, nor is a spring to bo found any wh 
on the surface of the chalk, except where the lowest nu 
beds give rise to springs at a level for below the general ■ 
face of.the downs. But in the great development of chall 
Wiltshire and Hants, and, in fact, more or less throughout 
whole of the chalk country on the west and north sides of ' 
London basin, streams of all sizes rise from the chalk and 6 
over its surface. 

Thia remarkable difference is due, no doubt, to the relatiie 
elevation of the chalk and of the gault formation which pauw 
entirely beneath it, and is only separated from the 
chalk by a comparatively small thickness of firestone or uppef 
green sand. Whatever may be the retentive capacity of 
the lower marly beds in different varieties of chalk, and 
different parts of the range, it may be laid down 
rule that water, in any considerable quantity, is never met 
much above the level of the gault, which serves, 
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barrier or dam to keep up to its own level the water that 
las penetrated the chalk. Hence, if the arrangement of 
these strata in any district be such that a large surface of 
dialk is greatly elevated above the gault, then we shall find a 
dry and parched surface on which the water no where seeks an 
open channel^ until it arrives at the level of the gault. Below 
this level the porous beds of the chalk and the upper green 
sand are already saturated with water, and therefore the new 
sapplies furnished by rain and snow, after having filtered 
throngh the chalk down to this level, will either overflow or 
force out the water which lies beneath, and already fills up the 
crevices and hollows of the chalk. Now, in the elevated 
ranges of chalk, the position in which this effect takes place is 
not less than from 300 to 400 feet below the general level of 
the downs, so that in such districts the area of chalk country 
lying below the level of the gault is in extent quite insignificant, 
consisting of a few hundred yards in breadth on the outcrop 
side of the chalk summit, and of a few narrow valleys which run 
up from the tertiary surface into the chalk country. Through- 
out the greater part of the elevated ranges of chalk, these are 
the only portions which are irrigated by natural streams. The 
great mass of the chalk, composing both the north and south 
downs^ in Surrey, Kent, and Sussex, is therefore quite dry, and 
it is fomid that borings in the higher part of the range have 
to pass through many hundred feet before a drop of water can 
be obtained. 

Bat in the less elevated districts of chalk, as in the counties 
of Bucks, Herts, and Cambridge, the level of the gault is not 
remarkably below the general level of the chalk, which in this 
part of England is nowhere distinguished by the bold moun- 
tainous features which prevail in the south-eastern counties. The 
chalk of Hertfordshire, in particular, is traversed by numerous 
valleys which are watered by copious and constantly flowing 
streams; a peculiarity which no less than its main physical features 
distinguishes it in the eyes of the agriculturist from the dry and 
barren downs of the south. The valleys in which these streams 
£ow sure nsuaJly not much below the \evA %X 'vXa.Oel ^^ ^^^s^ 
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crops out, but Me probably points at which a line jcnnin^f 
ovtcrop of tbc gaalt &nd the permanent line of chalk d 
cats the surface of the ground, as explMned in 
of fig. 10; on the north and nen sides of London it a 
to be the gault which keeps up the ■water, bat in the son 
downs the same office is performed br the chalk mar). 

It is remarkable that the streams which rise in the chl 
of Herts and RucVs, as the riyers Vemlam, Colne, Gade, 8* 
together with Ihose of the Chesham, Amersham, and Hi| 
Wycombe valleys, all flow in the same direction as the i 
of the cimlk, wbeieas tbc small streams which rise in ( 
Surrey and Sussex downs llow olf the chalk and in a din 
tion contrary to its dip. 

It will appear obvious that borings, which penetrate i 
chalk of Hertfordshire to a very small depth, namely, to ( 
level of the valleys in which streams already exist, will nM 
wi(h water in abundance ; for in such boring the irater H 
evidently stand at the same level as that of the streaios wM 
now rise in the country. In the neighbourhood of Watfol 
and Bushey main springs of a very copious character a 
with on sinking a few feel below the surface; and at bighs 
levels the water is found, even before sinking to the level I 
the main springs or point of saturation, because the water j 
intercepted in the course of flowing towards that level li 
saturation. In some works recently executed at Watford £ 
supplying Ihc town with water, under the direction of 3 
Pilbrow, C. E., a well of D feet diameter hns been sunk a 
30 feet into the chalk, and a considerable pumping power W 
found necessary to keep down the main springs during t! 
progress of the works. 

Stephenson's eiperimcntal well at Watford yielded 1 ,800,0( 
gallons per day. And the excavation of the London ai 
North-Western Railway at Cow Roost, which cut through tl 
gantt and thus gave a ])assage to the water from the chalk i 
a north or north-west direction, had. during the execution t 
the work, a considerable stream flowing at the foot of tl 
n each aide of ttie cutting. These atieanui, which a 



r and conducted in culverts, are said to hnve 
1 1 million gallons per day. 

a chalk district are commonlv more 
Ind nniform in volume thnn those in clay districts, and 
o liable to be siroilea hy floods as the latter. It l> 
sequence of this, and of the more absorbent quality of 
t chalk, that the streams are comparatively much fewer 
in ebaik districts. Not only are the atreama much lew in 
pnmber, but the bridges aod culrerts made to carry off water 
ilin tbe chalk diftricts, present a. moat insignificant area com- 
Ifimd with those tn clay districts of similar extent. Tbia fact, 
prllicb I believe was first noticed by the Dean of Westminster, 
[■WHS used with very good effect by Mr. Homersham in pre- 
|| piiting a sort of popular comparison between districts of day 
I DQ tbe one hand, and chalk on the other. 
I According to Mr. Homeraham'a measurements, it was found 
LlWthe watcr-vray of arches in clay districts varied from 8 to 
PiTBuperficiulfeet for eachequaremileof drainage area, while in 
I dwlk districts the water-way varied from Jrd of a foot to '2 
I Mperficial feet per mile of drainage area. Mr. Homersham gives 
I one eiample, namely, a part of the river Blackwater having a 
■ "iler-way at Coggeshall, in Essex, equal to 3 square feet 
|j per mile of drainage area. This, however, is not a fair 
I ttmple of n clay drainage, as this river flows over a consider- 

llile extent of the crag formation, where it very thinly coven 
j UiB chalk, and some part of ita npper course is even through 
i duJlt. Mr. Homersham has similarly quoted against himself 
I liie water-way of several rivera whose course is partly in chalk 
{ tod partly in clay. On a careful review of his table, the least 

»»ter-way which I can find in a pure clay drainage is about 
S feet per mile, ranging up to 13 and even 1 7 feet ; while the 
'vater-way in chalk districts varies from ^rd to l^ aquore feel, 
Sicept in tlie case of the river Beane, the drainage area of which 
Contains a large proportion of impermeable drift. In .iris 
rase, the water-way has an area of 2 square feet per mile of 
draina^. 
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It is probable that the most copious single springs of 
chalk do not yield more than from 3 to 500 cubic feet 
minute, as will be seen more particularly from a table of 
springs in the Appendix. At the same time, it is certain 
streams flowing through chalk districts receive a 
accession of water, which can only be due to invisible sprii 
breaking out in the beds of the rivers, and therefore 
capable of being seen or separately measured. The hciB h 
the following statement of gaugings, relating to the river 
are on the authority of Mr. Beardmore, by whom they 
supplied to Captain Vetch, and g^ven in his evidence 
the Board of Health in 1 850, and before Sir James 
Parliamentary Committee in 1851. 

Tables showing the increase of the river Lea firom 
visible springs in the bed of the river. 

Cube feet per mimifc] 
Gauging at Field's Mill after deducting the proportion 

brought down by the Stort and the Ash • . 6,4i4 
Gauging at Ware MUl, 5i miles above Field's Weir 
after deducting the quantity abstracted by the 
New River 5,344 

Increase from springs between Ware Mill and Field's 
Weir 1,100 

Again, the four rivers which meet at Hertford, namely, the 
Lea, the Beane, the Rib, and the Mimram, were all gauged 
at points very little above the common meeting place, the 
most distant being the gauging of the Mimram at Pans*, 
hanger, 2 miles above its junction with the Lea. 

Cubic feet. 
The gauging of the Lea, after receiving all the above 

streams below Ware Mill, is .... 6,594 

The separate gauging of the four streams . . . 6,159 

Increase from springs principally between Panshanger 
and Ware Mill 435 

The above gaugmgs, which, I presume, were all accurately 
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I without any interruption in point of time, show that 
I Panahanger and Field's Weir, a distance of about 

sa, there is an increase of 1535 cubic feet per i 
•in\-iEiblc springs, in addition to from 3 to 500 feet, the 

5 of the Chadwell spring, which breaks out at a suffi- 

eight above the river to be measured vt 



SISCHA.KQB OF CaALK STBEAMS. 

i, Telford, in 1834. found the volume of the Verulam at 
f Hall, a little above Watford, equal to 1800 cubic feet 
[note, and that of the Gade equal to 2520 cubic feet. 
Jtvolumeof the Wandle, with a drainage area of 35 square 
L as stated is the evidence before the Parliamentary Com- 
kin 1852, was 2693 to 3000 cubic feet per minute; but 
p the volume at Wandsworth near its junction with the 

a Vetch, who has investigated the subject of chalk 
I'with some attention in reference to the supply of London, 
^ a contour line of levels to be traced at a height of 148 
! high water maris, and proposed to abstract the 
i at this height, with a view of bringing them into 
D at a sufficient elevation to supply the high service. 
( following table gives the result of Captain Vetch's 
e of chalk streamB at this level ; — 



tr^rulam 19 2080 

The Glide 14 2?70 

TheCliesa 9 1390 

Tbt river DareatL, near Slioreliaui, in- 

cludiaj; the spriugs at OlpiDgton .... £080 

Mr. Beardmore baa gauged vrith great care all the chalk 
streams uniting to form the Lea at Hertford, and has added the 
drainage area of each as follows : — 
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CaMe iset p« S^imm mOm of eSuUttSJi! 
miMUe. drainage. ^rfflniiiiM^ 

Lea proper It Horrii MiU . 2096 112 18*71 

The Betne It Molewood . 1483 83 12-42 

The Rib at Ware Park . . 959 61 14 34 

The Mimram at Panshanger . 1532 29*3 52*39 

The following gauges are by others : — 

Lea at Lea Bridge . . . 8880 570 15*58 

Wandle below Carsbalton . 1800 41 43*9 

Verulam, Bushey HaU . . 1800 120*8 14*9 

Gade, Hunton Bridge . . 2500 69*5 8*19 

There is something yery remarkable iu the great discharge 
of the Mimram and the Wandle^ which amount to three times a 
much per square mile as the other chalk rivers. This has ofl 
been satisfactorily explained, nor does it appear clear whethc 
this disposition is due to the drainage areas of these stream 
being less absorbent and more covered with impermeable bed 
than usual, or whether it be due to faults or lines of (tistmt 
ance traversing the chalk districts. The Wandle flows entird 
through a clay country, and can only be called a chal 
stream, in consequence of the supply which it receives froi 
the chalk springs at Croydon, Beddington, and Carsbalton. 

There seems to be evidence of a peculiar line of disturban< 
throughout the whole chalk district between Saffron Waldc 
and Maidenhead. A line joining these two places will coincic 
with some very remarkable reaches of valley which lie in th 
north-east and south-west direction. I may instance tb; 
part of the river Rib between Widford and Hertford, the p 
culiar course of the river Lea, between Hatfield and Ware, ai 
the whole course of the river Colne from Hatfield to Watfor 
in which Captain Vetch states there are many swallow hole 
This subject requires more minute investigation than it has y 
received, and may possU)ly have something to do with holchi 
up the water in the Tilky of the Mimram, and producmg tl 
extraordinaiy discharge at Fanahanger. 
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Figure 12, representing a section across the chnlk escarp- 
ment as at Merstham, in Surrey, shows one set of conditions 
CDonected with the chalk springs. Here a represents the 
di^lc, 6 the chalk marl, which throws out powerful springs at 
Ljdden Spout, and many other places along the south-coast ; e> 
11 tiie upper green sand or fires tone, </ is thegault clay, and the 
dotted line ef shows the line of drainage or subterranean flow of 
(lie water, held up by the chalk marl and saturating the lower 
beds of the chalk. In such a ca 
diagram, no springs will be foun 
smply hare its subterruueau ci 
Springs will probably break out hi 
»point where the water line cuts the surface of the ground, 
or, in other words, where the surface of the ground is below 
tie water line. Few great chalk basins have their edges or 
(ircumference entire, but are commonly interrupted and broken 
tkrough by seas or great rivers, which drain alike the waters 
m the surface and those which flow in subterranean sheets. 
It (bllows from this, that the line of saturation e f is not hori- 
lOntal, as in an ordinary basin, like that in which rests the 

d of Hanipstead Ileath, but has an inclination towards the 
level at which it is drained into the sea. The inclination of 
lliis line has been carefully ascertained on the north side of 
IiondoD by the Rev. Mr. Clutterbuek and others, who havp 
determined, from observntion of the wells, &c., and the height* 
It which the water stands in these, that the xonter level, as it 

■ been latterly improperly termed, or the line of saturatioi* 
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has an inclination of about 1 in 400, or 13 feet per mile. 
In other parts of the chalk district, as shown in the pre- 
ceding pages, the inclination of this line is probably not 
less than 40 feet a mile. Referring again to the diagram, 
the point g marks the position of numerous places both 
in this country and in France, where the finest flings break 
out in great abundance. It is probable that the springi 
Croydon and Carshalton, which feed the river Wandle oi^ 
the south side of London, as well as those of Watford and 
other places on the north and west, have their origin under 
these circumstances. The towns of Guines and St. Omer, ia 
the Pas de Calais, have springs of great power and abundance^ 
rising in the same manner and under the same drcumstancei*' 
In nearly all parts of this country the chalk presents a seetkn" 



of this kind, a being the short slope or escarpment side, and 5 
the long slope or direction in which the strata dip unde^ 
neath, and the ground naturally inclines on the sui^ace. A 
great number of towns, situate on the long slope of the chalk, 
derive an abundant supply of spring water, because they occupy 
the position represented by^in fig. 12. Amongst these in 
the London chalk basin may be mentioned St. Alban's, Hemd 
Hempstead, Chesham, Watford, Amersham, High Wycombe, 
and others north and west of London. In a similar position 
are Andover, Winchester, Croydon, and other places situate on 
the long slope of the north downs. In the chalk wolds of 
Lincolnshire we have Louth and Alford occupying a similar 
situation, and possessing similar copious springs ; while along 
the line of the south downs we find Fareham, Emsworth, 
Lavant, Chichester, and other places equally remarkable for 
copious chalk springs. 




figs. 14 and 15 represent sections acrnss a chalk escurp- 
■Bent, which illuBtrate the mode in which springs occur on 
9k short or escarpment slope of the chalk. In fig. 14, the 
shalk marl is shown bent upwards at A, iu such a manner that 
Ihe water falling on and sinking into the porous chalk a, will 
low backwards and break out in springs at e. In fig. 15, the 
^1£ marl is faulted at A in such a manner that the water 
irill be retained in the water-tight depression between e and 
4 until it accumulates and breaks out in springs at e, as before, 
Wherever springs break out under the chalk escarpment, at 
the top of the chalk marl, as ut Ljdden Spout, Cheriton. and 
nuy other spots along the line of the south dowas, they are 
^bably caused by the configuration shown in one or other of 
tiicte sections. 

Tlie same effect of a spring at e will be produced if we 
conceive the chalk marl to he simply compressed laterally, as 
ihown in fig. 16, The ridge there shown ut x, provided it he 
>t a higher level than e, will produce a spring at e in the 
mme manner as the actual rupture of the strala exhibited in 
%. 15. 

INTERMITTENT SPRINGS. 

There is yet another class of springs in chalk distiicts, 
•hich it may be desirable to notice. These are the inter- 
Bittent OT varying springs, such as (he Itnvensboui'ue and 
Mbers «f the Surrey downs. 
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This stream of the Ravensbounie breaks out about six miki 
south of Croydon, in the valley along which passes the hin 
road from Croydon to East Grinstead. The point where i 
first appears is in a fiat part just below Birchwood House. 
This point is situated between the Half Moon Inn at Catter- 
ham Bottom and the inner entrance to Harden FvlL 
appearance at the source is indicated by a series of small k 
none of them more than a |^ of an inch in diameter, but 
numerous that in the course of 20 yards the water from 
jets is sufficient to form a stream ; and this increases in 
till, at Catterham Bottom, it may almost be called a 
The point at which the stream first appears is about 
feet above Trinity high water mark, and it falls towards 
don at the rate of about 36 feet per mile. 

The Bourne broke out in the early part of 1837, and 
the 16th February, 1840 ; on the latter occasion with mn 
force, filling not only its usual channel in Riddli 
valley, but overflowing the adjacent land for some 
It appears that in the neighbouring quarries south of 
Bourne source, water mostly appears in the autumn prevknol^ 
to the eruption of the Bourne, so that from the state of thdr 
quarries the workmen confidently predict the flowing of tlttl 
Bourne. It is said the works on the Brighton Railwifi 
especially the tunnel driven through the chalk at MerstliiO^ 
four miles west of the Catterham valley, were much retarded fy 
water at the time the Bourne stream broke out. 

Mr. Prestwich explains the phenomena of the Bourne, the 
Lavant in Hampshire, and other intermittent springs, by a see- 
tion of the kind shown in ^g, 1 6, in which the chalk marl ii 
bent into an undulating form, having a saddle back at x, and 
a depression between x and y. When the depression between 
X and y becomes filled up, the water will flow over the 
summit x and be discharged at 8, which opening acts like 
the longer leg of a syphon. The dischai^ will condnnt tiB 
the resemxir between x and y is exhausted, when the How ef 
*ha qning will stop till the reservcnr is again replenished. 
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Fig. I6u 




In fig. 16, i represents the top of the chalk marl, and ef 
be line of saturation, when the hasin hetween x and y is 
all, that is, when the spring is flowing. It will he ob- 
enred that, in order to produce a spring at S^ the level of 
be ridge at x must be below the level of y, the outcrop 
i the chalk marl. If it were otherwise, namely, if y were 
he lowest, we should have a spring at y, as in fig. 14. A 
ineture of the strata, as shown in fig. 15, would produce 
be same effect of a spring at y, if the point x were higher than 
f« but not otherwise. 

It is probable that along the range of the chalk escarp- 
nent the various conditions, exhibited in figs. 11 to 16, 
lie all to be met with at different points, as, for instance, in 
idjacent valleys, where they influence the hydrographical phe- 
lomena each in its own peculiar mode. 

It is remarkable that nearly all the rivers which flow 
icross the chalk district, whether they rise on the chalk 
itielf, or whether they rise beyond and break through the 
Mcirpment, have their course in the same direction as the 
Gp of the chalk beds. The only exceptions are to be found in 
lome branches of the Cam, and other small streams in the 
north-eastern district. These, however, will be found to flow 
QD a part of the chalk where the drift accumulations are very 
dnek, and where the chalk is entirely obscured by these. 

The general course of the streams in chalk districts being 
b ihe same direction as the dip, has given rise to the ex- 
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pression, that the subterranean flow of water foUoi? 
same direction as that of the surface. This is not t 
all formations however, the fact being frequently the re 
for instance, in the mountain Umestone, where the 
generally flow through great chasms in a direction o] 
to the dip of the beds, which are commonly very big! 
clined. In other words, the beds usually dip up stream i 
of down. Magnificent examples of this are to be s 
the defile of the Avon below Bristol, and on a smallei 
in the streams of the Gower district, beyond Swansea, 
mention a stream at Bishopton, in the tract of Gower, 
rises in the coal measures, and, after flowing some ni 
a winding course, comes suddenly up to a Umestone d 
in which the beds pitch as steeply as the roof of a 
and appear at some distance to oppose a solid barrier, 
nearer approach, however, a large cleft or chasm is 
through which the stream dashes with great rapidity. '. 
it pursues its course through a deep hollow glen, f 
^ay to the sea in a southerly direction, the beds i 
time dipping to the north. It is evident when rivers 
a direction opposite to that of the dip of inclined strat 
the subterranean flow of water must be in an exactly oj 
direction to that of the surface flow. 

UNIVERSALITY OF THE CHALK FORMATION. 

Viewed in relation to the entire surface of the earth it: 
by geologists that the chalk has at least covered all thps< 
lying within the extreme limits at which it now ap 
In fact, we seem to have little more left either in this c( 
or the Continent, than the broken irregular edges of 
basins which were once continuous with each other. 

In France we have the edges of what has been call' 
Pyrenean Basin, the Mediterranean* Basin, and the I 
Parisian Basin. The chalk of England, from the c( 

« 

* Cours. Elementaire de Paleontologie et de Geologic Stratigra 
parAf, Alcide P'Orbigny, tome 2, fa*cVcu\v\% 'itv^, ^. 5>7l. 
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rsetsbire to the Humber, with its continuation into York- 
re, forms the north western extremity of the Anglo- Pari- 
I basin, while the chalk hills of the north and south 
ms are merely ridges inside the basin, raised up by the 
ratory movement which has brought up the Jurassic,* or 
comian strata of the Weald, within the area of the true 
Ik basin. 

besides its immense development in France, Spain, and the 
diterranean, in the three great troughs or basins which have 
n mentioned, particular members of the cretaceous formation 
found in many other parts of the world. They occur in 
g;iam, Holland, Prussia, WestphaHa, Hanover, Saxony, 
lemia, Poland, Sweden ; also in Mingrelia, Circassia, Geor- 
t the Caucasus, Bulgaria, Servia, Wallachia, Transylvania, 
llicia, Volhynia, and Podolia. Immense surfaces of chalk 
end across Russia from Poland to the Ural Mountains. 
North America the chalk formation extends over 35° of 
tade, from Texas to the eastern part of New Jersey. In 
lib America the chalk has been observed in New Granada, 
Peru, in ChiH, and the Straits of Magellan. In Asia it 
Bis in Pondicherry and in Java. 

In the western hemisphere, therefore, we find the chalk ex- 
iiig in New Jersey at 35° of north latitude, and extending 
the farthest extremitv of South America, or 53° of south 
itude. In Europe it extends still further to the north, or 
arly as far as 56° of north latitude ; thus clearly showing, 
remains which still exist, that this great formation has been at 
e time almost universal over the whole surface of the earth. 

** There is some difference of opinion among geologists as to whether 
\ Weald clay and Hastings sand are to be considered as neocomian, and 
Tefore part of the cretaceous series, or whether they are to be ranked 
;h the Jurassic or oolitic series. 
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DKFOSm ABOVC THE CHALK IX THK LOBCDOK BABIN. 

These ar«, in ftscvcdioc cnier. cfae fewer ceitiarT daTS, snd 

lad craTei b<d»^ co^imoolj caILedcb« plasdc dar scries^ and ne 
tlifi :hkk XC3U of che Lociioa ciat, abore which are the sands < 
Bo^hoc aui Hvco^ceaki Heach. The sorace of ihe Londo 
ciar and cba: of cae lower :ertiarT bedsy is frequeatlj OTerU 
br 1 rhick ^crarum >:f liiluvial snvel, which will be notiee 
hereaixer. 

The lower terdary beus coosxac commoolT of alterntti^ 
series of saoi^. ciajs. and craTel, resdnc on the dialk all roui 
die ed^es cf the basin and passinc beneath London with 
thickness Tanrinz rrum 33 to lOf) 6?ec. In the western pn 
of the bastn. isabcut Bettiizx^ and Uxbcidee, this series of bed 
contains a lanr? per centa^ of ar^illaceoaa matter, and is wd 
entitled to the appellatxoa of plastic ciaj. Beneath Londoi 
howerer. the m<xtled clays of the west are replaced in a gia 
measure hv sand and gravel beds« while at the eastern cxtic 
ziiry o£ the basiu. a:^ about :he Keculvers nearly the whd 
mass consists of sinas, which here assujzie such a considerahl 
ihickness chat Mr. Prest^ich ppjpeses to confer upon thei 
tlie iiicia^Tiishi:..: :::!'? cf :b.e "• Thauet sands.' ' Proceedin, 
upwards fwni :he chalk, Mr. Pruscwioh sives the followin 
as an averase section of the lowest tertianr beds benettl 
Locdoii : 

20 to jO Kec oc lixar-coluur^i »Iic«ous mdiL. 
15 to 1 J zeec oc Miui:^ mociied jiu^^ and TMebbie bedi. verr 
irrepilariy acrodneti, 
I :j 3 teec oi aoncs, pebbles aad alieUs. 



JO to 9S : 

abo^e this is the London clay. 

Mr. Frestwich, who has taken immeuse pains to iuvestigai 
the hydrographical conditions i}i the water-bearing stra< 
around London, proposes to divide the tertiarv basin into foe 
distinct parts^ b J means of two lines crossing; each other near! 
^ de £netiaa of the disturbing lines which have bee 
Ijf BOliaBed as nteraecting the chalk basin. One ( 



linea p«s3e« in a directicm due north and 9oMb, a little on 
Um east aide of Loodon, namely, iu the Talley of the Bavens- 
bonme luid through Hoddesdon and 'Waitham Abbey, in the 
Vtlley of the Lea. The other passes in a Irue east and west 
dlKCtion immediafeif south of London, through Windsor, 
iKfitford, and WooJnich, each line being continued to the out- 
uie of the basin or into the sea. These lines intersecting 
cadi other at Lemshaoi, divide the tertiary area into four part% 
nhich Mr. Prestwieh distingnishes by their position as the 
North-Wcst, the North-East, the Soath-Weet, and South- 
Eut dtyisions. At a grest many points in eaeh of these divi< 
fions, Mr. Prestwieh has examined and measured sections of 
vdlB, pits, cliffs, &c., shoning the thickness and compositioa 
Sf the larioua beds composing the lower tertiary series. From 
these dala he has made yery accurate eslimntcs of the relative 
Ifaickness of clays and sand in every part of the basin. The 
■ntciDp of the beds has also been investigated irith much care, 
• well as the area or surface of country whieh they occupy. 
tbe foUofTing table contains n summary of the information 
■liich Mr. Prest«ich has collected on these heads : — 



Divisions. 

Nortb-WeBtem or Watford* Division . 
Sorlh-EasternorChelmsford'Division 
Semh- Western or Ei»i.m- DL*i.ioo . 
Soulb-Eaitcrn or Socbe&ter" Division . 


li 
P 


Loittr Tettiiuy Strili. | 




If 

.2 = 


°:S ■ 


741 
1&24 


5(1 
G4 

G4 


60 
95 
130 
95 


Feet. 
16 

36 
22 
36 


4134 


223 


380 



Pkot this table it will be seen that although 4134 square 
•Tbeie names of towns, situated neatly in the centre of cocli division, 

W MMly added to aid the memory in idenlifying, wittiout tbe aid of ■ 

■4. tlie difTercnt diviiiona here indicated. 



miles of country in the London chalk basia are covered ^nths^ 
tertiary Etrsta, yet only 223 sqnare miles conatst of lower beibS 
partially permeable by water. Mr. Freatwich is of opinia^H 
that the two great tines of disturbance which have been mH^I 
tioued, prevent the free communication of nat«r between OD^H 
part of the district and another, so that wells sunk in one ^^1 
vision will not draw the water from the other. Taking th^^| 
the area of lower tertiary strata in any one district, ne have il^^l 
10 considi^r that only a certain part of this consists of sand, u^H 
tbst a large moss of it in every part of the outcrop is compost^H 
of clay. The surface also, even where the beds outcrop[HB^H 
consist of sajid, is frequeutly covered with argillaceous dl^^| 
deposits, which impede and of\eu altogether prevent the ii>fiU^^| 
tion of water. It is propable, also, that the sands, even wh^^f 
they crop out at the surface, may pass into clays, and ti>^H 
out into teuticular masses, through which water will permM^H 
with great ditliculty. Mr. Prestwich points out several otb^H 
disturbing causes which will interfere with the flow of wit^H 
through thc^e beds ; and on the whole it appears, looking ^H 
their small area as compared with the immense surface occil^| 
pied by the chalk, that these sands present much less prospK^J 
of affording a large supply of water. ^M 

At the same time, owing to the considerable elevation ^H 
which the sands crop out, especially on the northern ude i^M 
the basin, it is found on sinking wells into them through 'HtU 
I^ndon clay, that the water bursts up with considerable ftno^l 
and rifies to a considerable height in the well. The bottom ocV 
basement of the London clay is frequently indicated by ahativ 
pebble bed, sometimes only a few inches and sometimes seveiltl 
feet in thickness. In places where this bed is argillaceous anSfl 
serves to keep down the water, it frequently bursts up wifllf] 
violence when the boring toots first penetrate tbrougb it. Thjcjl 
is also the case in passing through the beds of tabular septaria,.! 
which are commonly found in tbc lower part of the Londou 
day. The same thing bas been observed by borers in pasuiaH 
tiirough the bed of green coated flints wluch usnally separat^l 



NATURE OF SPRINGS. 

Qie clialk from the tertiary beds ; and, again, a similar upward 
rnah of water is met with in breaking through the tabular 
masses of flint wliich occur in the ujijier \Thite chalk. 

The springs which break out from the chalk at Chadnell, 
Vatford, Croydon, and other ])laccs, owing to the overflow of 
the line ofsataration have been described at page 48. The 
tertiary sands when denuded of the London clay, yield springs 
of B similar descriptiuu due to the same cause, namely, the 
letel of the ground at certain points being below the general 
line of saturation. The springs on the south side of Peckham 
Rye Common, and others which feed the Peckham branch of 
the Grand Surrey Canal, are due to this cause ; and many 
nmilar springs are to be met with iu various parts of the ter- 
liarr area. The springs which break out at the foot of the 
ttnd hills between Greenwich and Woolwicli, and flow across 
tie marshes to the river Thames, are probably caused by the 
alliaceous loamy allu\4um of the marshes, abutting against 
the sand and keeping up the water till it breaks out and flows 
throDgh the marsh ditches. 

The river Thames has probably at one time flowed at the 
TWy base of these sand hills, but in process of time has altered 
it^ course and filled up the marshes with alluvial detritus. 
Tke water from the saud having now to flud its way across 
Ihtse marshes appears in the form of springs, whereas formerly 
the river probably drained the sand directly and immediately 
without the action of water-courses and springs at their heads. 
AH rivers naturally drain the lands through which they pass, 
whether these lands cousist of the older stratified rocks or of 
mere drift deposifs. When excavations nre made near the mar- 
^n of a river flowing in dilurium, it is sometimes difficult to 
•ay whetherthe water which accumulates is derived from the 
river or is due to its percolation through the drift in its passage 
towards the river. The latter origin is the most probable, as 
the water is generally found in the escavotion at a higher level 
than the water in the river. This has often been observed in 
Uniting die foundations for bridge abutments, in constructing 
' n & " 



subsiding reiciToirs, filter beds, &c., for water-works and c 
_puiposes by the sides of rivers. 



They may be traced from the Suffolk coast, near Aldborou| 
extending: in a narron band seldom more thnii a mile in m 
by Woodbridge, Ipswich, Hadleigh, Sudbury, Great Yeldl 
Si&hop Stortford, Hertford, Hoddesdon, Hatfield, Watfoi 
Uibridgp, Windsor, Reading, and Newbury, nearly to Hongi 
ford. Tbis is the western extremity of the tertiary basin, t 
boundary of which then lakes an easterly direction, passing] 
Kingaclere, Odiham, Farnham, GuUdford, Epsom, aad Cro 
don, into the valley of the Thames, which it occupies I 
a considerable breadth all the way to the sea. extending ^ 
under the Isle of Sheppy, by Rochester, Faversham, and Cu- 
terbury, to tlie sea between Rarasgale and Deal. The lengtlt 
of the outcrop, acoordiog to Mr. Prestwich, being 380 h 
and the area 223 miles — this gives an average breadth to ti 
loner tertiary strata of less than two-thirds of a 
the outcrop is intersected by valleys, however, the London d 
is denuded and a greater breadth of the lower lertiaries exposed 
as in the valley of the Lea between Hertford and Uoddesdoi 
in the neighbourhood of Watford, and other parts of the O 
crop. Also in tbe valleys of the Thames and the Med* 
extensive denudation, combined with faults, has exposed aoc 
siderable breadth of lower tertiary sands. For instance, th 
extend almost uninterruptedly from Stratford to Croydou, 0C( 
pyiug here a breadth of nearly 1 5 miles, broken only by a I 
high points, capped with London clay. Eastward of tbiali 
they somewhat diminish, but the zone continues to 
mUes in breadth all the way to the German Ocean. 

Mr. Prestwich states, that large supphes of water arederiveiil 
from the tertiary sands throughout a district westwaijj 
of the meridian of Greenwich, which is bomided i 
north by Hertford and Watford, on the west by Uxbridgdjl 



rivfiil 
;waidl 



cd the south bv Crovdon. He computes that, in the »allcy 
if the Wandle, there are about 15 to 20 artesian trells, deriving 
I dttly supply of from 800,000 to 1 ,200,000 gallons of water 
from the tertiary sanda, and in the voiley of the Lea from 20 
lo 30 such wells, derirlng a supply of 120,000 to 200,000 
pfiona a dnv. The quantity yielded by single welis from these 
Mods, would be ulterly insigniftcant for purposes of public 
mpply, except for very small towns. There are few iustuDcea 
of ungle wells which derive a water supply of more than 100,000 
gallons a day from these sands.* It has been asserted, bow- 
CTW, that many of the London welis which are sunk or bored bto 
the dialk, really derive their supply from the tertiary sands ; 
mdeerlainly the remarkable difference between the chalk water 
ofthe London wells and that of clialk water, for instance, froia 
Watford or Ware, lends some countenance to the auppoaitioa. 
Most of the water from the London chalk wells yield carbo- 
ule of soda and magnesia, and a comparatively small quantity 
of carbonate of lime, while, on the other hand, the water from 
Ware and Watford has a large proportion of carbonate of lime, 
ud seldom any of the other carbonates. Again, tbc sulphates 
of soda and potash abound in the London well waters, but are 
ibseut from the pure chalk water. The chloride of sodium is 
also found extensively in the London well water, l)ut is almost 
•ranting in pure chalk water. Sec a valuable collection of ana- 
lyses of river and well waters, published by Mr. Prestwich, 
p, 22o. 



The London clay itself is, from its nature, destitute of water, 
ilthough there are numerous wells in and about the metro- 
polis deriving their supply from the drift grave! which covers 
it. Wells are exceedingly common all over England in drift 

* Mr. Swindell atatei the jneld ofthe well at Ilanwell Lunatic Asylum, 
(liieh lencinates in the tertiary sands, at 100 gallons ppi minute, which 
ttqntl lo 144.000 gaUon8in24 hours. The first 30 feet of this weU are 
.0 feet diaiiieler the rest of it 6 feet. 
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graTel, c^pedallT wbere the gnTd rests oq sn irrq;ii]jur smftc 
of London claj, or oq the mul j dm of the new red sandstoD 
formation. It is probdUe the water liesin hdlows and troogfai 
in the surface of the daj, and is fireqpcBtlj found at shaDov 
depths beneath the snrfiice. The water never overflows ii 
such wells, and never spoats np as in an artesian boring. Iti 
level is, however, affected by the drrness of the season, and il 
frequentlv happens that the hi^iest weDs in such districti 
become dried np, while those sank deeper, or at lower levds, 
continue to vield a supplj. 

The drift gravel b exceeding variable in thickness, and 
wells sunk into it comnMinlj range from 10 to 50 feet in 
depth.^ It is quite unfit for yielding large supplies for the 
use of towns, although in all parts of the country there are 
nnmerous private weDs drawing a sapptj firom drift graveL 

This b the case not only with such towns as Southampton, 
Portsmouth, and others on tertiary formaticms, but also with 
towns such as Leicester, situate on the days or maris of the 
new red sandstone. Where drift gravel is ov^laid by an 
argillaceous deposit, as in some parts of Essex, and wdh 
are sunk at points lower than the outcrop of the gravel, th( 
water will sometimes rise, as in artesian wells, and may b( 
successfully obtained by means of a simple boring. It is £h 
more common, however, to find the drift gravd merely form 
ing the surface and not overlaid by any deposit suffidoitl] 
thick or impervious to keep down the water. In all snd 
cases it is obvious the water in the gravel merdy rests oi 
the clay beneath at its lowest level, and can only be obtained 
by sinking wells into which the water will filter, but will no 

* The expressioa *'laiid springs,'' which is very common with tb 
London well sinkert and borers, is applied to the shallow snr&ce s!pnn% 
rising in the drift, either from the alternation of clav with the mor 
pofooi gravd beds, or from the water hdd in the incgular hoDoii 
ef the leafloa d^ beaenfli Mr. Tdtbencr (qiioted by Mr. Prestwie 

IS Mwth, 1850) crtimatei the yield of the Londo 
daily fMitity of about 3,000,000 gaUons. 



rise above the ordinnry level of (he water in its subterraneau 
Ixeiii. From these wells the water must be pumped to the 
nnfiice, and any attempt to procure water by simple artesian 
llwrea will of course be fruitless. Although, in Loudon, and 

nuny other towns, the drift gravel formerly supplied 
I onmerous wells, it is found that the constmetion of sewers 
I padually drains these wells, rendering it necessary in some 
( mitancea to sink them deeper, and in otiiers entirely ab- 

ilncling the supply and drying up the welis. Besides this, 
I the bnrial-yards found in all large towns, and the innu- 

meiable impurities arising from gas-works and oiTensive 

nmnufactnres being poured into the sewers, have in time so 
j Mliirated the soil as to poison the water of all such wella and 
; tmder it wholly unfit for use. 



We shall see in a future page, that at a certain period in 
1 the history of London the springs breaking out from below the 
tands of Bampstead Heath were looked on with much satisfac- 
tion IS a new source of supply of great value and importance. 
The whole cap of sand on these hills, however, does not 
probably esceed one square mile on which the whole rainfall, 
even if we conceive it all to be absorbed into the soil, does 
not amount to a million gallons per day, so that if all the 
■prings on every side of Hampstcad Hill were collected they 
would fall somewhat short of this amount, or less than ^th of 
the whole supply reqiiired for the metropolis. With respect 
to all the springs on the west side of Harapatead, they would 
ncarcely be worth the expense of the works necessary to cmI- 
kct and convey them ; and, in point of fact, the water actually 
collected in the intercepting ponds of the Hampstead works 
may be considered as comprising all that can he collected 
with advantage. This quantity does not probably amount to 
more than about 200,000 gallons per day, a quantity perfectly 
insignificant in comparison with that required for the supply 
f London. 
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THE BAGSHOT SA^fDS OF SrSKKT ASVD HAMPBHIRK. 

These sauds escend almost contmaoosly from Esher to 
Scrathdtldsaye, whh an extreme breadth from the north aide 
of Vir^Luia Water to the neighbourhood of Famham. £b- 
timacovl roufhiv, the length of the district maj be taken at 
;>0 miles, bv an average breadth of 10 or 12 miles. Tk 
Bacsho: sand is capable of tliree subdivisions. The first or 
uppermost is a mass of pure siliceous sand Tarying from 200 
to oOO ue; in thickness, and covering an area of 80 to 100 
square miles. The upper sand attains its greatest ttatk' 
ness "" in the north and east part of the district about Bag- 
shot II each. Chobham Ridges. Romping Downs^ Kndi- 
hamps:ead Kii.li:es. and Hartford Bridge Flats. 

Tiio :i:LliIo division of the Bagshoc sand series consirts of 
a re'c'.iuve s:r;icum of clay or marl of a white or pale jellov 
colour, varviiijc from 13 to oO feet in thickness. 

lVIo'.v :his middle division is a lower series of light coiomd 
sa-.ul<, \*'i.\:ch like the upper beds consist of nearly pme 
s:!:v\v.< :i-.a"er. 

rrv:Vss*.^r Ramsav. in his lec:er :o :he Commissioners of 

m 

il'.c G:\urjl lK\ird of Health. jH?in:5 ou: that a siiperfiei|l 
cv>veri:.: of irave!, varvii:;j in thickness from a few indies 
to CO or ;.'0 feet, frequently obscures the surface of the sands; 
bu:. i:o:wi:hs:Aniin^ this* both the upper and lower sinds 
aro Sv^ iuoohoreu: as to admit ^ery treely the percolatioB of 
waUT. <o ;hat very little passes off by e^-apo ration, and neaiif 
the \%:i.'Ie raiLifall is absorbed. Manv of the small streams 

m 

risi:i^ from the district of Bagshot and the nexghbonziDg 
heaths, oreak out ac the top of the middle or argiDaceoiis 
portion, while the water billing on the lower sands is absorbed 
bj them, and does noc ^pear at the surface till thrown out 
bgr the o ndc tljiDg Idondpn day. 




F.GJS., of ChOwonh 

•ff Oh General Boacd of Ucajilfc. 



ATHERING CROUNO ON THE BAGSHOT BANDS, 

Within the Uat few years the Bagshot sands h&ve been 
fooposed by the General Board of Health as an immense 
ptlwring ground for procuring the greater portion of the 
anqiply required for the metropolis, The project is first 
dimly shadowed forth in the Report on Supply of Water to 
the Metropolis, dated 28th May, 1950, and presented to both 
Houses of Parliament. The Report says, "The portion of 
this district (the Bagshot sands) to which our attention has 
hteak more immediately directed comprises an area of less 
Unm 100 square miles, lying east and west of a line from 
Bigshot to Farnham. The remaining district, which we 
tuTe hud under consideration, although of the same bleak 
ud barren character, is of a different geological construction, 
consisting of the upper and loner green sands, and gault of 
tiie green sand formation, and constitutes the nncuUiTated 
wd districts draining into the east and west tributaries of 
the river Wey, situated south of the chalk ridge in the midst 
flf which the tovTQ of GuUdford stands." The report con- 
tlins no details of the project — no statement of the mode 
to be practised for collecting the water, the levels at which 
It is to be conveyed and stored for distribution, nor, in fact. 
My of that kind of information which first occurs to an 
ta^eei as most essential in an enquiry of this nature. 

After stating, however, as the result of numerous inquiries 
md investigations, that the total daUy supply required for the 
Dietiopolis was 40 million gallons,* they set forth the fol- 
baring estimate of tiie yield of their gathering grounds from 
■cbul gaugiugs taken at the end of nearly sis weeks of dry 



• This quantity ti already far below that Bupplicci at the preseut 
moiDCnt by llie e^iiiting Companies. In bet, the returns of 1B53, onlr 
tbree years after tlie dale of this report, ihow a mueb larger quanti^ than 
M,0M.O»0. 
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GaU 
From surface gathering grounds of sand, comprising speci- P^^ < 

mens averaging from i to 1 degree of hardness, and 

equal in quality to the water delivered at Famham, from 

which district, and from streams derived from similar 

grounds, the average hardness may he estimated as 

under 3 degrees 28,00i 

From certain tributaries to the river Wey, containing 
some water from the chalk, hut of a general quality of 
hardness, i the average of the present supply of the 
Metropolis 60,00< 

From other tributaries to the Wey, of a harder quality, 
but only one-half the hardness of the present supply to 
the Metropolis 90,00( 



In the appendix to this report the Board of Health ] 
lishes an immense mass of medical evidence^ the gei 
eifect of which is to show that the water from the gathc 
grounds is of very superior quality as to softness. Nei 
in the report nor in the evidence is to be found one i 
or one fact, as far as I am aware, in support of the a 
estimated yield of the gathering grounds. 

The only other extract which I shall make from the re 
at present, is the following estimate of the gross estim 
cost of this magnificent project, which I presume, from 
wording of the estimate, and its including street and bri 
mains, services, &c., was intended entirely to supersede 
replace all the works of the eight existing companies, 
render all their plant and apparatus of every kind ent 
unnecessary. Here then is the estimate in the very wor( 
the report : — 

" Storage reservoirs, and intercepting culverts on gathc 
ground ; covered aqueduct thence to service reserve 
covered service reservoirs and filter beds ; principal mains 
reservoirs, street, and branch mains, and services, &c., 
over the whole district, including land for works and com 
sation, ^1,432,000." 

The estimate has one other item, namely, ^710,000 






■age, to be carried out in connection with the water supply. \ 

this we have nothing to do at present, J 

It appears that the idea of coliecticig water ex tensiTcly from 

agshot sands, origiDated in the observation of somj 

works which had been esecuted at Faruham. Thi 

is situated on the southern escarpment of the nortl 

, at a part where the chalk is extremely narrow, &o| 

thao a mile iu width, and immediately north of Famhaa 

ridge of Tucksbury Hill, about four miles in length, &ai 

mile in breadth. This clay ridge is capped witl 

)hot sand, a portion of which had been drained, and th< 

received into ashallowcircularwell about three feet behm 

surface, from which it flowed into the main supplying th( 

of Famham with water. The population of Farnhaa 

about 7000 persons, it is probable that at the ver^ 

the supply from this source did not exceed lOO.OOff 

a day. This experiment, however, in wbicii thiscom-> 

;»ely small quantity of water was procured by means of 

drainage, seems actually to have given rise to the gigantic 

Kheme of the Board of Health for supplying more than 5fll 

millions of gallons n day to the inhabitants of London. 

liCt us now tnni to the chemical evidence to see how thj 
llatements made in the report as to the quality of the watrf 
Kc supported. Tlie evidence of Dr. Angus Smith contain^ 
the 6ret experiments on the hardness of the water ; and he 
ippears to have tried 23 specimens of water from the Bag4 
iitol sands or district north of the Hog's Back, and 16 3pe-< 
clmcDs of the lower green sand water from the district (^ 
ieith Hill. Hind Head, &c., south of the Hog's Back. Tbt 
lowest degree of hardness which he found in any of the Bag- 
ihot waters appears to be that of 1° in thewater of Aldershot 
Hcftth, while the hardness of the rest of the Eagshot sand water 
nnged from 1° upwards to 7'8. Is it on the evidence thea» 
of Dr. Smith that the Board of Health ventured to put for& 
the statement, that they could procure from the Bagshot sandt 
28 million gallons of water daily, of a quality varying/ro«4 
nt-tkird to one degree in kardneis? Of the 23 ? 
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of Bogshot sand water analysed bj Dr. Aagni Smithi tti 
average hardness is actually 4°. 

Of the 16 specimens of lower green sand water. Dr. Sntth 
finds the hardness vary from 4' 75 to 14'6, the ayerage bdii| 
7*9 degrees, yet this is the water of which the Board stita 
the possibility of procuring 60 million gallons a day, of hadr 
ness equal to one-third of the ayerage of the present anpflf 
to the metropolis. It must be obsenred, that the report fl( 
the Board of Health, and the eyidenoe of Dr. Angus Smft 
were presented to Parliament at the same time, namdjk 
1850, so that the one must be taken to be founded on tk- 
other. It is true the Board afterwards published a import 
by the Hon. William Napier, containing statements entirdj 
at variance with those of Dr. Angus Smith, but inasmiiflk 
as Mr. Napier* s report is only dated January 1851, wheifM 
the report of the Board bears date May 1850, it is obvioBi 
none of the statements by the Board could have been founded 
on Mr. Napier*8 report. 

With respect to the other chemical evidence published by the 
Board as an appendix to their report, we find Professor Wi^ 
sapng that he analysed ''Some water from a small well neir 
its source, through which the water flows on its way to the 
town. The proportion of lime I found to be .168 grains in ft 
gallon, which is equivalent to exactly y^th of a grain of carbo- 
nate of lime in the gallon, or -^th of a degree of hardness of 
Dr. Clarke's test." 

Perhaps it was on this examination of a little pool of nin- 
water by Professor Way that the Board hazarded the magni- 
ficent assertion, which has been before quoted, that 28 million 
gallons a day, varying from ^ to 1 degree in hardness, cooU 
be procured from the Bagshot sands. 

I can find no analysis of the Bagshot waters by any of the 
other eminent chemists who were examined by the Board of 
Health. Among the witnesses so examined are Dr. Sutherlandi 
Mr. Holland, Dr. Hassall, Dr. Gavin, Dr. Lyon Playfair, Mr. 
Spencer, Professor Clark, Mr. J. T. Cooper, Professor Hoff- 
man, and Mr. B. Phillips, al\ exceeto^gi^ iXAa ^ vqb^sjqbiI 



ji. 



^Hp>ta, and not one of these has given suy but the mosB 

^Ke and general statements as to the Dngshot waters. i 

^Kbe Bonrd probably felt on calmly reviewing their reporfl 

Hl850, and the evidence by which it waa accompanied, ihatl 

^■re was an immense hiatus to be filled up in some way on 

^Ktr, and they accordingly deputed the Honounihle WillioBB 

^Hter to mtike a most comprehensive examination of iSM 

^^Ae subject, namely to examine the whole of the drainagM 

^■tndB both north and sonth of the Hog'a Back, and to re^ 

^b fnlly both on the quantity to be collected, its quality, and' 

^Bmode of couductioi) and delivery, and further, on the estt- 

^Bb of the whole works. 4 

^Hliis gentleman, who appears to have been thus invested win 

^B eambined offices of engineer and chemist to the Boarfl 

^HK publishes a table of the yield of all the springs and rinV 

Ids occurring in an enormous district of about -lOO squars 

units, in which he shows n total doily discharge of more than 

3JI miUion gallons. The Bagshot sand district, over whidt 

itts investigations extended, appears to range from Pirbrigfat 

ind Cbobham as far as Eversley and Bramshill, ten mile*: 

beyond Bagahot, and nearly as far west as Strath fieldsaye^" 

ohilc he also takes in an enormous tract of country called 

Eulhampstead Plain and Bagshot Heath, on the nortii side of 

' Sagshot. This it will be observed is materially extending tbs 

~" aict which had been contemplated hy the Board before 

g the report of 1850. This report (page 100) say^ 

iG portion of this district to which our attention Las beea 

• immediately directed, comprises an area of less than 100 

e miles, lying east and west of a line from Bagahot and 

Now the distance from Bagshot to Famham is 

bout 1 1 miles in a straight line, so that the Board probably 

oontempUted the drainage of a district about 4-^ miles widft 

L side of this straight line. It therefore excites somf 

e to find Mr. Napier wandering to Eversley and Branra 

, 10 miles west of Bagshol, and ranging over Easth amp- 

i nain, which lies nortii of Bagshot. But let 
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quantity of water which he obtains in his 200 miles of 
Bagshot sand area. 

Gals, perdi^; 

From Chobham ridges, the district east of Bagshot, in- 
cluding Pirbright, and probably also Aldershot Heath, 
where Dr. Angus Smith's single specimen of l** hard- 
ness was obtained, he finds the gaugings amount to . 3,020,086 

From Easthampstead Plain and the district north of 

Bagshot 1,509,348 

From the district west of Bagshot and Famham, ex- 
tending to Bramshill and Eversley, he obtains . . 7,712,091 % 

Total from 200 square miles of Bagshot sands . 12,241,524 

j 

This last quantity of more than 7,000,000 contains 6,426,000 1 
gallons from one stream called North Fleet, which from iii ] 
situation on the Ordnance Map appears to he consideraUf ': 
outside the limits of the 100 miles described in the report of 
the Board, so that the whole quantity of water gauged by Mir. 
Napier, in this 100 miles clearly does not exceed 6,000,000 gal- 
lons. It will be remembered that the quantity estimated bf 
the Board from this area is 28,000,000 — truly a singular coin- 
cidence and one which entitles the statements of the Board and 
their calculations to the confidence of the country ! 

Mr. Napier, then, having obtained only a little more than 
12,000,000 gallons from the whole Bagshot sand district, 
which Mr. Austin describes as having an area of 300 miles, 
derives all the rest of his 39,000,000 from the green sand 
districts of Hind Head, Blackdown, Leith Hill, &c. The 
quantity of 27,000,000, said to be derived from about 200 
square miles of green sand country, need not excite much 
astonishment as the honourable gentleman appears not to have 
been content with gauging springs and rivulets, but appears 
to have taken in whole rivers without any regard to the levels 
at which they were flowing, or the possibility of conveying them 
to the top of Wimbledon Common without an enormous 
pumping power. For instance, among the springs and rivulets 
flowing from Hind Head and Blackdown, he finds one which is 
pithily called Bramshot, yielding no less than 13,399,714 



ydlous & day, or nearly equal to the ivhcle volume brought 
by the new river. It would be amusing, though perhnps not 
«ry instructive, if the Honoural)le William Napier were to 
publish the details of these gaugings, and enlighten the public 
ta Id the mode in which they were taken. 
I So mnch for tjuaatity ; now for quality— bearing in mind, 
ur referring to what Dr. Angus Smitli has proved us to tjie 
liardness of these waters, one is fairly surprised to find that 
Ur. Napier states the whole of the Bagshot sand tvatcr, 
without the slightest exception or variation, at one degree of 
hwduess. Yes, opposite to every tpring and riviilet, every 
lilteT thread whicli this gentleman has visited stands the 
figure 1, in the column for hardness. Nearly the same niii- 
fiirmity prevails in the green sand waters, these being all 
cither one or two degrees with the esception of Bramshof, 
which, being rather a large quantity, ve may suppose has been 
eumined with unusual care, and is accordingly marked one- 
nd-a-half. In order to show the estreme patience and care 
■ilh which Mr. Napier has investigated the tough subject 
of hardness, the following remarks are quoted froiu his 
tsiile, as further explanatory of the degrees of hardness 
marked in the proper column. For instance, with respect 
[ to Hoiywater Spring, which is described as two degrees, the 
iCihBrk savs, " will be led awaj' at one degree of hardness." 
I Brtmsbot water, marked one -and- a -half degree, "will pro- 
I liblj be led nwny at half a degree of hardness." All the 
inter of Ilascombe Hills, marked one and two degrees, " will 
be taken away at half a degree of hardness." And again, 
the water of I.eith Hills, marked two degrees, "will be led 
awnynt one degree of hardness." Mr. Napier's boldness is 
not exhausted by even all these grave remarks. He "can 
taiwer for at least ten millions mote under two degrees of 
liardness." I am at a loss to understand the meaning of 
the following remark in a report such as this professes to be, 
"though these gauginga are only offered as an approximation, 
I consider they will eventually prove to be rather imder than 



Mr. N«p«er hirowlf swms to hart sWod somewhat ■ 
at tbc difference bttween binsrU', iind the only i 
etmnbt who eiunined these waters as to their hardH 
Whether the (bUowing atnct gives aov very satisfactonr I 
pUiMtion of the difference, I will not pretend to say : — 

" Thus by paging and testing the streams at their sooK 
instead of in their course and outfalls, we have the mli 
tion or the principle laid down by the Board ; and this dil 
ence will go far to accoant for the rariaoce of my resnlts w 
iboae of Dr. Angus Smith." 

A* to the mode of eseeating the works, the infonnil 
is very scaaty. Ve are not told whether there are to 
any Mlleeting or impbundiDg rescrtolre, and not a word h 
beea said about filtration, although it appears that ma 
thousand acres of the gathering graunds consist of peat a 
moorland, the solutions of which would require the water 
he filtered. We are told ill a tett oif-hand sort of way tl 
the water south of the Hog's Back is (o be conveyed thrtia 
the cbalk ridge at Guildford ; and that the water froni I 
Mads is to be brought in in the direction of Woking. IJ 
one word of information is given aboat levels. The ni 
Wey at St. Catherine's lock, immediately south of GuikUbi 
is only 92 feet above Trinity high water mark, and aa d 
Guildford pass is to be used for the main aqueduct, i 
great deal of the county north of Guildtbrd is foiling a 
below this level, it is probable the main aqucdnct i 
not be higher tliaa 100 feet above Trinity high water i 
at Guildford. Allow only a loss of 5 feet per mile for I 
tion. which nrould require an enormous main to cany » 
■ Tolnme of water, and we have 120 feet absorbed by I 
tion in the 24 miles between Guildford and Wimbledoi 
would destroy the whole effeet of the presumed altitnds^ 
Guildford, and render the expetise of pumping not i 
fiuthing less than that incnrred by tbe Companies who i 

Ktbe water from the Thames. 
f. Napier'e ealtmate, Uke his gathering gtomjd, is «oi 
^ 




Mr. Napier's report and the stateraenta it contained pro? 
kbl^ astonished the Board of HeaUh, nearly as much i 

I they hftve subsequently astonished most other persons wh 
kiTe had patience to read them. 'We find, accordingly, Mn 

[ BammeU and Mr. Quick sent down to test the gaugings i 
October and November, 1850. Both these gentlemen fi 
out-Napier Napier ! Mr. Ramniell hands in his gaugingi^ 
nrnouuting to 51 million gallons, or 12 millions more 
Mr. Napier, and accompanies the statement by some reryi 
flowery observations on the surpassing qualities of the watMRe 
He glances at the geology of the district, the 300 or 4 
miles of drainage ground, and retcals in a very naive s 
tmosing style his method of gauging, which, however, I havd 
not time to notice at present. Mr. Quick modestly content 
bimwU' with producing his naked statement of gnngingl 
whieb mounts far beyond either of tiie others, namely, b 



I 



W^^ omfCUt AND 

62 ■liDtoD gallons a dar, and this, too, from onlj 15 
wbneas it appean iti. Najtwr gauged no less than A 
tliree times as mnnv. Well may the Board hare been ala 
at the gradual increase anDounced by rach succesaire t 
tigator, — who shall pretend lo say lo nhst amomit 
gaa^nga might hare increased had they continued to 
one person after another in this nay ? 

The ganging mania then sfems to have slumbered for 
than a year, <nhen we again find Mr. Ranger gaagni| 
streams Trom the 1st to the lOtb of August, 1352, whQ 
makes the Tolome about 4 million gallons a day leas t 
Napier had made in the middle of summer. 

About thb time, Mr. Batetnan s«ems to hare been 
lo emmune the distriel and report ou the subject, as I 
his report lo Lord Shaftesbury, dated 27th January, t 
printed among the papers laid before Parliament by the 
of Health. 

This report by Mr. Bateman ieems effectually to ' 
settled the question, and to hare been the last act 

farce. We have here the first traces of somx 
judgment applied to the scheme. Mr. 
appears to state fairly enough the capabihties of the did 
and the practicability of the scheme, alxays provided 
money can be found. He is apparently not startled bj 
mormons sum at nhicfa he finds it necessary to est' 
eoat, but coolly leflres it to the judgment and seni 
Board, whether they can find it practicable to bring for 
such a scheme. 

Mr. Bateman's gaupngs are worthy of attentioa. 
general result is, that he found 33,238,093 gallons p 
against 39,407,324 by Mr. Napier, against 51,375.O0( 
)Ir. Ramraell, and against 62 millions by Mr. Quick. 
Bateman thus comments on these discrepanties. " Alio 
fat several evident errors in Mr. Napier's results, arising j 
■ "" afTMBu karnng been gauped by Aim beloto aa/U leiicH 
at He tm», mJ atmp tester wAieA Jutt ittn 



glared, Mr. Foster's* measuremeiiU rather exceed 
t-Mr. Napier. Mr. Rammell's gaugings are gcnerftUy 
^Isbly higher, but he has also been led into Eome errors 
; b«low mills, and has, probnblj', not made snfB- 
Ictwimce for the loss of xeloeity by the friction of the 
1 the bottom and sides of the channels in which be 
I the streams." Mr. Bateman does not DOtiee the 
■ of Mr, Quick or Mr. Ranger, as he was probably not 
^don of these. 

can understand Mr. Bateman's gaugings he 
I to gire about 8,000,000 gallons a day from the 200 
s of Bagshot sands, and nine-tenths of this quan- 
scribes as haTing a hardness of 2^ to 3 degrees. Of 
a sand water he gives upwards of 33,000,000 gallons 
• &om Uind Head, Hascombe, Hambleden, and Leith 
erage hardness of 2^ degrees. He also finds the 
a branch of the riTer Wey, which is probably chalk 
ielding 10,600,000 gallons, MiiMa/iart/neMo/!4(feffi'eM. 
n appears to think highly of the lower green sands 
Bering ground, but evidently b not much captivated 
ie prospects of collection from the Bagshot sands. lie 
be waters from Bagshot Heath, and those flowing from 
b and gravels north of Farnbam, into the rivers White- 
A Blackwnter, form together not less than 6,000,000 
t),ODO gallons per day of excellent water ; but they are 
\ and could not easily be combined with a scheme for 
W the water of the green sands south of Guildford. I 
efer omitting both the Bagshot waters and the Fam- 
inch of the Wey, and consider the scheme as affording 
mpply of 39,000,000 or 40,000,000 gallons of pure 
T under three degrees of hardness." 
a very quietly and softly extinguishing the scheme of 
« Board of Health with reference to the Bagshot sands, and 
^ftting up in its place the conveyance of water from the green 
This then is pnrely and exclusively Mr. Bateman's 
* Mr. Foster a an assistant irlio gaiiged for Mr. Dateman. 




selieine, and iii this shiqw it is intelligible. He furth^ i) 
of the Weslden district, lying tnncli more to 
insUnces the Hutings sand of St. Leonard's 
^thering grouod. It seema Terr erident, however, from th 
way in nhich be speaks of this district, that Air. Batentan, Ui 
manv others, has been misled bv the geological Dtune " 
tugs sands," and has not seen those so-called sands a£: 
Leonards and Tilgate Forest. I shall finish this a 
Mr. Boleman's report, by giTing in his own words th« 
graph in which he estimates the expense. " The cost a 
ctnnplisbing the whole irark on a scale sufficient to i 
40,000,000 gallons of pure water per daj 
different points as far advanced into the city as Knightdl 
Westminster, and Kensington, including the coUeetioi 
conveyance to Wimbledon, reserroirs there and elsei 
pvroping engines, piping, land, uid compensation, v 
ample aUowanee for contingencies, parliaiaentary, 1^ 
engineering expenses, I estimate at ^12,000,000 ster 

In order to bring the remarkable agreement I 
estimates more vividly before the minds of our 
here recapitnlate them : — 

The nliiuitt hj the Board of Fleihb, eidnsive «f 



. . 12, 

Mr, Batemon's report, crowned by the final ^ory a 
estimate, seems to have suddenly extinguished this cekl 
scheme of the Board of Health. We hear no more at it 
this time. When all the London Companies were l. 
Parliament in IS52 to improve the sonrces of their snpfi^^H 
hear as little of the magnificent project of the Boan[4l 
Health as if it had never existed or seriously been proposed. 
One merit must not however be denied to the Board — thdl 
dings have elicited some useliil information althot 
I t^ with mtich that is merely speculative aod hjf 



, now to be generally admitted that i 
ing grounds of several hundred square miles a 

1 to fumiah large concentrated suppliesof water,! 
1 of the DQinerous difficulties and expense of collect- | 




e district of Bagshot ileath presents little or no analogyl 
J scenery of the Palaeozoic rocks, which have bitherts-^ 
i resorted to almost exclnsirely as gathering groanda. i 
i shape of the valleys, the surface soil, nor the 1 

[ of the ground afford any tealurea of similarity, 
iTithstanding all the reports and other documents which J 
n pablished about the Sagshot sands, the actual pro- ' 
mode of collection has been very obscurely described. 
« still almost ignorant of the absolute levels at which the 
■e to have been collected, and the subject of impoand- 
s is never once alluded to. Judging from the 
3 sands, it seems extremely doubil'ti! whether it 
ervoirs could ever have beeu formed to hold water 
it lining or puddling the whole bottom, an expense that 
proved fatal to any such scheme. 
1 the Bagshot sand district muet be now regarded 
y inadequate for the supply of the metropolis, it is very 
[ethat many of the towns, either situated on the sands 
t their margin, might advantageously derive a supply 
! springs, farnham is said to be already supplied 
■ sandy district which has been drained ; and no donbt 
; may be practicable on a small scale, and for other 
t requiring the same extravagant supply as the metro- 
fa towns as Windsor, Wokingham, Reading, Guild* 
I Woking, Weybridge, Kingston, and Staines, may not 
y find it advantageous to resort to the Bagshot sands 
ly of sofler water than thev can procure in their 
neighbourhood. In the casi^ of comparatively 
l|ipUes to be taken from springs, many of the diflicul- 
lo large impounding reservoirs are avmded, 
s collections of water may be made without the 
Hi 
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enormous expense which would have to be incurred for collect*! 
ing the water from 200 or 300 square miles of country. 



BEDS ABOVE THE TERTIARIES. 

About three-fourths of the whole surface of Norfolk and fiat 
folk consists either of a diluvial deposit covering the chalk, or] 
of the crag formation, which is considered hj geologbts supeoor j 
to the Bagshot sand. The diluvium consists generally of 
or loam with numerous fragments of chalk imbedded in it,vi\ 
this is covered frequently by sand and other light soils. TWj 
diluvium is in many places as much as eighty feet thick. 

The crag consists chiefly of thin layers of sand, gravel, and 
shells, resting sometimes on the chalk and sometimes on the 
London clay. Frequent sections of the coast seen in the low 
•cliffs of the Norfolk and Suffolk coasts, from Aldborongh to 
Cromer, commonly exhibit a succession of this kind — ^red loam 
at the base, gravel above this, and the gravel again covered by 
chalk rubble. The whole district over which these deposits 
extend is remarkably flat, and nowhere rises into undulating ! 
scenery. The supply of water is mostly derived from open J 
wells, sunk into the gravel or through the loam into the chalk. 
The principal towns of the districts are Norwich, Yarmoatbi 
and Ipswich, besides which there are a great number of seooB- 
vdary market towns scattered all over Norfolk and Suffolk. 

There is also a remarkable tract of diluvial country, ei- 
tending for several miles inland along all that part of the 
Lincolnshire coast from the Humber to the Wash. Bie 
deposits here rest on the chalk which forms the Wolds of 
Lincolnshire. The deposit is for the most part imperviooir 
consisting of retentive beds .of clayey or loamy gravel, and 
is remarkable from the great number of overflowing artesiaa 
wells sunk through the diluvium down to the chalk. The 
wells are sftnple borings, frequently 80 to 100 feet in depth, 
and are locally known as blow wells. They abound in the 
2}ei^hbourhood of Louth, Alford, and Great Grimsby, and 



raonly met ■nith throughout a district about 50 mile* 

1 from Wainfleet to Barton, on the Humber, with sa 

J breailth from the coast of eight or ten miles. A 

I district of blow wells exists on the const of Essex, 

I the mouth of the Stour and the estuary of the 

In these bore-holes, however, the water rises irom 

r tertiary sands of the plastic clay formation. The 

f of water which they yield is very small, not more 

^ from one to eight gallons per minute. Some of 

I, howerer, are very deep ; those iu Foulness Islandi 

I Isbnd, and Wallasea, varying from 300 to 460 feet ia^ 
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: CHALK AND 



OOLITES. 

These in descending order comprise : — 
1. The upper greeo sand or firesfone. 
3. The gault clay. 

1. The lower green sand or neocomian of the French 
geologists. 

: upper green sand, as the name implies, is an arena- 
B or sandy formation, every where underlyuig the chalk. 
S a very variable thickness, which probably ranges from 
3 feet, up to 150 feet in Wiltshire, where it attains its 
it development. It extends from Filey on the coast of 
uhire to near Wainfleet in Lincolnshire, where it is 
y the estuary of the Wash. It again appears under ths 
t of Norfolk, aud extends with little interruption u 
b-westerly direction through Cambridgeshire, Bedford- 
bSuoks, and Oxford tthire. The outline and breadth are 
I very irregular through Berkshire, Wiltshire, and Dot- 
', where it terminates on the coast. Another range 
1 sand commences at Folkestone, and passing under 

e Dr. Mitchell's paper in Proceedings of Geological Society, toL 



This ia a deposit of stiff tenadous blue clay which b 
between the upper and the lower green sand. It will be 
cessary to describe its range and direction, aa it ereryi^iai 
accompanies, and lies parallel to, the upper greca sand,-! 
course of which haa been already described. Many 
and spri[igs break out on the edge of this formation and 
over it in a direction opposite to the dip. The volume 
these however is not considerable, and the vallevs are not 
such a deep and capacious shape as to encourage the mode 
collecting water by storage reaerroirs. Either 
contiguous to thnt part of the gault formation which extenl 
from the Cambridgeshire Fens and the Isle of Ely into Wfc 
shire, are several towns of third or fourth rate importi 
among which may be mentioned Cambridge, Potton, Big 
wade, ShefTord, Leigh ton Buzzard, Princess Biaboro 
Wantage, and Devizes. The towns of Petersfield, Dorl 
Wye, and Folkestone, are also situate on the gault of Hampi 
and the north downs. The common mode of 
water for towns sitaate on the gault, is by sinking 
it down to the tower green sand. When a boring is ma 
down to the latter, the water generally rises nearly to the but- I 
face and sometimes overflows. Wells and borings through tilt I 
gault are common at Cambridge, Biggleswade, ShefFord, and 1 
all the line of flat clay country through Leighlon Buzzard inU I 
Wiltshire, and Mr, Prestwieh describes the quality of water as 
remarkably soft and pure. The artesian wells of Cambridge sre 
very numerous. They are commonly sunk through the g> 
and abundantly supplied wilh water from the lower green « 
which probably derives its supply from the high hills of I 
fordahire. The supply from the wells in Cambridge was 
merly esteemed of fair quality, although a considerable pifl 
of the inhabitants always availed themselves of water from &9 
Cam, or from the Nine Wells' stream, which is derived fnit 
chalk springs. Latterly, however, the supply from sU tbM 



urces has been found inadequate, and a CompRny has been 
rmed, and works esecuted, for taking a supply of about ' 
}0,O0O gallons a day from the Cherry Hinton stream and 
iiing, which is also derived from the chalk. It appears that 
w some years after 1812, when the first artesian well was 
lade in Cambridge, the water used to rise three or four feet 
bove the surface. Owing to the great increase in the number 
f borings, which are now prohably between 500 and 800 in 
lumber, the water stands, at the present time, from sis to 
welve feet below the surface. The hardness of two ipeci- 
Deos of the Cambridge well water, aa analysed by Mr. War- 
ington for Mr. Prestwich, was S'S" and 11". Mr. Prestwich 
)peaks favourably of the well water at Leighton Buzzard, Big- 
^gwade, and other towns drawing from the lower green sand 
beneath the gault. Mr. Prestwich, Dr. Fitton, and other 
observers have stated the thickness of the gault at Folkestone 
It 126 feet ; at Herstham 120 to 140 feet ; between Guildford 
ind Merstham somewhat thinner ; at Devizes and Swindon 
sbout 100 feet; increasing iu Cambridgeshire to about 150 
or 160 feet. The area occupied by the gault formation, ex- 
tending from Cambridgeshire into Wiltshire, and thence under 
the north downs to the sea at Folkestone, is gi\'en by Mr. 
Preatwich at 3-10 square miles, with an average breadth of 
sbout a mile and a half. 



THE LOWER GREEn BAND. 

h b generally understood amongst geologists that this for- 
IMtiOQ everywhere accompanies the gault, which is always 
represented as resting on & mass of aand varj'ing somewhat in 
mineralogical character and still more in thickness, and which 
in English geology is commonly known under the name of 
the lower green sand. North of the Humber, in the creta- 
cmus district of Yorkshire, however, there are scarcely any 
llHces of the green sand, and it is probably owing to faults that 
&t Speeton clay, another name for the gault, is almost in coD' 
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tact with the Kimmeridge clay and other members of the 
oolitic series. Scarcely more visible is the lower green anad 
skirting the Wolds of Lincolashire, the diief place where it 
attains any development in this county being the gently un- 
dulating district about Hagworthingham between libufat" 
Raisin and Spilsby. In the great fen district of the Bedfixd 
Level, in the counties of Norfolk, Suffolk, and Cambridge, the 
lower green sand is entirely concealed by the alluvial depoflb 
of the fens, but a few miles north of Cambridge it beg^ to 
appear and thence extends in a south-westerly direction, fbnn- 
ing a well-marked zone of considerable breadth. Its geneni 
range here is parallel to that of the ganlt, but prcjectioiis d 
the sand hills frequently jut out westward to a considenbk 
extent, thus breaking the general smoothness of the oatline 
and giving to this formation a marked and peculiar chancter 
which is altogether wanting in the gault and the upper green 
sand. With the exception of these projecting eniinenceSy the 
breadth of the green sand (about two miles and a half) may be 
considered as tolerably uniform between Cambridge and 
Leighton Buzzard, a little south of which it contracts rather 
suddenly, and continues to Abingdon with an average breadth 
of little more than a quarter of a mile. From this point it is 
very slightly developed all along the western border of the 
chalk. It appears however in insulated masses or outliers of 
great extent, capping all the hills in the western part of Dor- 
setshire and the neighbourhood of Chard, Axminster, and 
Honiton. In Devonshire it forms the picturesque and highly 
varied scenery of the Blackdown Hills, which owe much of 
their pecuhar character to the deep valleys and alternating 
ridges of this sand. In the Blackdown Hills tjie green sand 
overlaps in succession the edges of all the formations between 
itself and the red sandstone, and actually rests on the latter 
throughout most of its western and southern boundary. 

Smaller and still more detached outUers extend much far- 
ther westward in Devonshire ; in fact, considerably to tlie 
south-west of Exeter^ where, as at Chudleigh, the lower gieen 
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nd is found in contact even with the Paleeozoic rocks, 
roving the enormous area originally covered by the green 
nd before its denudation. 

The chalk of Hampshire and the north and south downs is 
Miompanied throughout by a prominent zone of lower green 
uid, which preserves a parallelism to the gault and has 
le same general horseshoe shape encircling the Weald of 
Lent and Sussex. About one-half of the whole surface of 
le Isle of Wight is also occupied by the lower green 
md. 

The formation attains its chief prominence in the range 
f hills stretching almost in a westerly direction from Bei- 
ate, by Dorking, and Grodalming to Haslemere. In this part 
f the range are the towering eminences of Leith Hill, Hind 
lead, and the Blackdown Hills of Hampshire, several of 
hich are 1000 feet high above the sea, and considerably over- 
)p the neighbouring chalk hills. 

A considerable number of towns are situate either on the 
»wer green sand, or in such contiguity to it, that this for- 
lation may not improbably, either now or at some future 
jne, be resorted to for a supply of water. Among these 
>wns are Cambridge, St. Neots, Potton, Biggleswade, Bed- 
H'd, ShefPord, Buckingham, Fenny Stratford, Leighton- 
luzzard, Aylesbury, Thame, Oxford, and Abingdon. Similarly 
tuated are the towns of Wellington, Chard, Honiton, Ax- 
linster, Sidmouth, Colyton, Axmouth, and Charmouth, in 
tie west of England. 

Within the influence of the green sand which encircles 
tie Weald of Kent and Sussex, (to say nothing of the metro- 
olis itself,) we have Folkestone, Sandgate, Hythe, Maid- 
tone, Seven Oaks, Tunbridge Wells, Reigate, Dorking, 
ruildford, Godalming, Famham, Alton, Petersfield, Petworth, 
^nindel, Brighton, and Lewes. 

The lower green sand in the tract between Cambridge and 
leighton Buzzard, occurs in the form of grey or brown sand, 
at " chiefly," says Dr. Fitton, *' as a coarse ferruginous com- 
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pound of quartzoze sand cemented by hydrate and oxide rf 
iron, and more or less indurated. At the top> however, ii 
some green sand, as appears from the first discharge from 
the borings through the gault, after the rod has passed du 
clay ; the water subsequently obtained, depositing an ochreooi 
matter of the colour of the Wobum sands." Thewhde 
mass, however, does not consist of sand as there is a con- 
siderable thickness of fullers-earth interposed in the sandb 
of Wobum, which are extensively dug for the purpose of 
procuring the fullers-earth. This mineral has also been 
observed in the lower green sand of Norfolk. A great ded 
of the green sand district, west of Woburn, particularly in 
the neighbourhood of Leighton Buzzard, is much covered by 
drift gravel which conceals the sand except where it rises 
into hills. According to Greenough's map there is alluvinm 
no less than 600 feet thick covering the green sand at Elsworthy 
west of Cambridge. 

The green sand of the Blackdown hills rests usually on 
the red marl of the new red sandstone, and sometimes on 
the lias. Dr. Fittou describes the sandy surface as barren, but 
the marl, which forms the base of the hills for about frds of 
their height, is usually fertile and presents a great contrast 
to the barrenness of the sand. The Blackdown hills are 
celebrated for the scythe stones which are obtained from 
sandy concretions occurring in these hills. Everywhere around 
the Blackdown hills are found the sources of the principal 
rivers of Devonshire, Somerset, and Dorset. The Culm, 
the Tone, the Parret, the Axe, and the Otter, all derive large 
supplies from the water of these sands hills thrown out by 
the marls on which the sand reposes. 

The lower green sand of Sussex and Hampshire has been 
described in great detail by Dr. Fitton, in his admirable paper 
on the strata below the chalk (2nd series, Geol. Trans., 
Vol. IV., p. 103). He divides the lower green sand into 
three distinct groups, which may be characterised as follows : 

a. The upper division consisting principally of sand, white, 



Iknrtsh, or femi^nous, with concretions of liraestoae and 
' chert frequently in false stratification. TLis division im- 
Adistely underlies llie gauU rising up above the valley of 
Je latter, and bearing a drj barren soil. Its thickness at 
'olkestone is about 70 feet. 

6. The second member is desciibed ns n retentive stratum 
iboanding in green matter and containing little stone. The 
rater falling on the upper group a, in the neighbourhood of 
Mkestone, does not penetrate to the base of the lower 
;te«n sand, but is thrown out in springs ohove the retentive ■ 
ttratum 6. Many of the v<Ma in Folkestone derive their 
tnpply from water which is upheld by this middle sandy 
day. Thickness, near Folkestone, from /O to 80 feet. 

c. The third or lowest division, which rests on the Weald 
ilav, !s more calcareous in its composition than cither of the 
Dthera, and contains the principal beds of stone bearing the 
name of Kentish rag. These indurated beds coraraonly form 
1 steep ridge or escarpment overlooking the valley of the 
Weald. Thickness, probably, 200 feet. 

A part of the supply of water to Sandgate is derived from 
the springs which break out on the surface of this middle 
teJ, as described in Mr, Blackwell's Report to the President 
of the Board of Health.* The water from tiiis part of the 
green sand has been so bad during the last year, namely 
» (uU of gritty sand, and so impregnated with iron, that 
Mr. Blackwell recommends the supply to be taken from the 
nme springs which are used for Folkestone, namely the chalk 
taitrl springs near Cheriton. 

Dr. Fitton believes, from the general information he has 
received, and the observations he has made in Surrey and 
Hampshire, that the same snb-diviaions exist in the lower 
green sand all round the Wealden area which it encloses. 

The lower green sand of Sussex occupies about an average 

• Report liy Tlioi. E. BUckwell, Esq. to llie President of the General 
Boitd (rf Ileaith, dateii 21st February, 1855. Parliaiacatarj Paper, 
Eckion tsss. 



whose waters would ilrMn or filter iuto wells sunk 
centre of the basia. Iteferring to the probahle cxisleni 
argillaceous beds, similar to those described by Dr. Fitt 
the neigliliourbood of Folkestone, and which possi 
distinct water levels under London, he makes so 
deductions from his effective surface on this account. 
makes some further dcduetions for parts covered by 
able drift, and for mterruptions caused by faults and fli 
of the strata. As the data for these deductions 
himself to be very general, it will be unnecessary to quote 
here in detail, Suffice it to say, that the whole of 
ductioDs being made, the result is, to reduce the effe 
drainage area of lower green saad to 23Q square miles. 
then assumes an annual rainfall of '26^ inches over the ' 
of this area, and a probable absorption of 16 inches ana 
which pves a quantity of nearly 146,000,000 gallons al 
in 24 hours. 

Mr. Frestwich gives a section across the green sand 
tion between the clialk and the weald, to represent genei 
the features of the country, for a breadth varying from th 
six miles between the north downs and the Weald of K 
and Surrey. 

In this section, he shows the lowest valley line at the It 
of the gault, where the green sand begins, and then shows 
outcrop of the lower greeu sand and commencement of 
weald at a considerably higher level.* 

He further shows the weald dipping under the green « 
with an undulating outline, so that about the centre of ^ 
green sand district the weald is not many feet below the n 
face of the ground, whereas, if it dipped at the same angle. 
the chalk it would here have been several hundred feet . 

* This form of section may be correct i]i the country about D 
where the green sand liills arc very Iilgli ; but it certainly does no 
to the neighbourhood of Mer^tham, where the Brighton railway iatcTm 
the green Band. On this wclloa the gault is at a considerably bi^ 
level than the point at which the wealden c( 
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This bent, or uintulnting stratification of the weald 

3 confirmed by many observers, anil by the evidence 

ifts sunk through the green sanil. In fact, ia the 

lourhood of Dorking the weald comes to the surface ia 

itre of the green sand district. Dr. Fitton says, the 

of green sand overlying the weald clay iu Surrey ix' 

very inconsiderable, and Mr. Hopkins, in his paper 

Lcture of the Wealden district,* has pointed out an, 

continuous line of disturbance or fiesure, extending 

ibam by Guildford and Dorking to Seven Oaks. This 

flexure everywhere brings up the weald clny very nearly 

surface. 

Preatwicb shows the presumed water level in the lower 

sand by a line drawn from the outcrop of the gault to 

lencement of the wealden. This hne is not straight 

lewhat arched or bent upwards. He remarks on the 

of the springs, which break out where this line 

iration cuts the surface of the ground, and illustrates 

observing that a fall of the water level to the extent of 

le foot probably sets free 50,000,000 gallons of water in 

'square mile. This calculation is made on the supposi- 

that each cubic foot of the lower green sand is capable of 

ibsorbing tno gallons of water, a result which his experiments 

bad him to anticipate. 

Having arrived at the conclusion that the exposed area of 
■lie lower green sand which surrounds the London basin is 
^mJjIc of absorbing daily the enormous quantity of 1-lG, 000,000 
{■lions of water, Mr. Prestwich next draws attention to the 
mmense volume of water which will be permanently held in 
file 4,C00 square miles of subterranean area attributable to the 
lower green sand. He assumes the thickness at 200 feet, so 
thit the whole capacity of the subterranean water-bearing 
inus will be equal to i)'20,000 square miles one foot thick, 
according to the experiments of Mr. Prestwich, each of 
;92O,OO0 masses or square miles will hold more than a 
of the Geologicsl Society, 2nd leries, Vol. vii, p. 1. 



day's supply for the whole metropolis ; bo that we sp^ 
have beaesth our feet a subterraneaii reserroir holding 
nonient a 25 years' supply — beiug a tolerably capaciosK 
Toir. Mr. Prestwich argues from this vast capadtya] 
neot and steady mnictenanee of the supply to be taka 
these sands. 

The conclusion which lie seems to draw from all 1 
searches he has made is, that the upper grecu sand 
yield in artesian wells from 6,000,000 to 10,000,000 ( 
« day, and ihat the lower green sand would yield 30,Qi 
to 40,000,000. Mr. Prestwich estimates the thickaei 
depths of the strata beneath London as follows :^ 

Thick nm. Dipa. 

Teniiries 20o' 

Clinlk G50 

S50 

I'pjiEr g^eea Bind .... 40 

Gault IM 

IWOl 

top of tiie lower green sand. 

He further estimates that the water from the lower grea 
would probably rise in artesian wells to a height of kImh 
feet above Trinity high water mark, aud that from the 
green sand about 10 feet higher. 

SPRINGS OF THE LOWER GREEN SAND. 

Wlierc the weald elay dips with a uniform inclination 
the green sand, it is probable that no springs are caused' 
escarpment. The surface of the clay may, it is true, I 
■■nd marshy, but no perennial springs will appear. At 
towever, where the dip of the wealden clay is not ui 
:hut has an undulating outline like that of the gault or 
marl as represented in fig. 1 6, we shall probably have i 
Ireakiog out from the escarpment if the crest at a; be I 
«han the outcrop of the sand at y. However 

may be, it will have communication with a largi 
ftnd mass of porous strata, so that the pressure of 
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springs wiU be coasidcrftble. Such imdnlations as hare 
^apposed in the dip of the weald eky do certainly exist, 

day brought up in this way actually makes its appear- 
t the surface iu the valley of Pease Marsh, also on the 
east of Dorking, and at other places within tlie area of 
wer greeu saud. The same pheuomcna of springs \riil 
if we suppose the strata fraetured by a fault, as shown 

15, which may represent a state of thicga in which the 
ig of the weald clay has been so cousideruble as to pro- 
actual disruption. Of course, in order that the spring 
Ion at e, we must imagine the point h at the fracture 
I corresponds with the crest x in fig. 16 to be at a liigher 
than f. 

is eitremely probable that the copious springs of Leith 
ind Hhid Head are due either to fractures in the weald 
icneath the sand, such as are represented in fig. 15^^^ 
undulation as in fig. IG. J^^| 

THE -WEALOEN STBATA OF KENT AND SUSSEX. ^^^H 

a a peculiar isolated tract which is entirely surrounded, 
|t its eastern extremity, by the escarpment of the lower 
Its shape most nearly resembles that of a horse 
m of the shoe being formed by the belt or zone of 
while the open part faces the sea from near 
Bead to Ilythe. Considered from a more extended 
, in connection with the corresponding district on 
' France, tiie whole wealdcu formation may be 
1 au irregular ellipse with a curviiinear asia of 
D miles, and an extreme breadth of about 40 miles. 
a the line of the transverse asia, a breadth of about 
Ihas been broken through by the English Channel, and 
ir eastern extremity of the ellipse, is compara- 
ificaiit, the part of the ellipse which is left on the 
3 about 80 or 00 miles in length, from the coast 
Bere forest, The boundajy of the English wealden 
nay he roughly traced from near Beacby Head on the 
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-Stusex coast, thence in an almost westerly direction toM^H 
.'Pulhorough and Petnorth. Then it passes on the east sid^H 
'Alton, .round by Petersfield, aiid (hence m an easterly di^H 
^OQ by Faruhatn, Guildford, Dorkuig, and Reignte, to 'j^H 
'wmth of Seven Oaks aud Maidstone, to Hythe on the Ken^H 
cout. ^M 

The surface of this tract consists of two distinct P^H 
oamely the Weald clay, and the Uaatings sands. Thefbl^H 
is au argillaceous deposit, which appears to dip everynt^H 
beneath the lower green sand, hut its continuity at ilist^H 
pointa within the cretaceous area has not been satisfacta^H 
established. The breadth of the surface occupied by ^| 
weald clay may be token at about five miles, the breadth 1><)^| 
somewhat greater iu the northern part of the district thil^H 
the part which ranges parallel with the south downs. 1^1 
Uastings sand occupies the whole tract inside the belt or n^^ 
of clay. The Wealden district is traversed by a winding idm 
clinal axis, from which the strata dip in opposite directiond 
those on the north elde dipping to the north, and those <fl 
the aouth in the opposite direction. The principal toiq^f 
either situated within, or bordering the Wealden ares, ^H 
Hastings, Battle, Pulborough, Petworth, Horsham, Tu)bri4^| 
Tunbridge Wells, Hythe, Rye, and Winehelsea. B 

The drainage of the Wealden district is effected in a renis^| 
able manner, namely by rivers which rise in the elevated csPm 
tral parts and mostly break through the barrier of sand KiAt 
chalk which forms the north aud south downs. The prin- 1 
cipal rivers which rise in the Weald and pass in this way 1 
through the barrier, are the Ouse or Newhaven river, the I 
Adur or Shoreham river, the Arun, the Wey, the Mole, anil • 
the Medway. Mr. Poulett Scrope, Mr. Martin, and other ' 

ilogists, among the most recent of whom is Mr. Hopkiai, ' 

support the hypothesis that these rivers do not flow io ' 
»mple channels of denudation, hut in gorges produced by- 
antecedent fissures cutting entirely across the Weald. Tbegorgq 
of the Arun and the Wey are nearly opposite to each other, K 
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re probably parts of the same fissure. In tbe same manner, 
be gorges of the Adur and the Mole, and of the Ouse and the 
iiedway, range nearly with each other m straight line^. The 
kbole detail connected with the subject of these transverse frac- 
\y and their connection with the great central axis of eleva- 
ly and with several other lines parallel to the latter, is very 
skgantly worked out in Mr. Hopkins' paper already quoted. 

Not only does Mr. Hopkins agree with, and confirm the 
qunions of, former geologists, as to the transverse fractures 
through the boundary or encircling frame of the Wealden dis- 
liiet, but he points out in addition many instances in which the 
Medway and other rivers break through the principal raised 
■ns of the Weald itself. In gorges caused by transverse frac- 
teres of the main east and west ridges, several branches of the 
Hedway flow through in a north and south direction, in the 
immediate neighbourhood of Penshurst and Lamberhurst. 

THE JURASSIC OR OOLITIC SERIES. 

This consists of the following subdivisions : — 

fThe Portland oolite or Hmestone. 

< Portland sand. 
I^Kimmeridge clay. 

r Coral rag, calcareous grit or Headington oolite. 
\ Oxford clay. 

rCombrash. 

< Bath or great oolite. 

(^ Fullers-earth, clay, and limestone. 

{Inferior oolite and sand. 
Upper lias. 
Lias marlstone. 
Lower lias. 

The tract of country which embraces these various subdivi- 
sions of the oolite formation, extends in a curved line from the 
coast of Yorkshire to Lyme Regis in Dorsetshire. A line 
passing through the centre of the oolitic district from Whitby 
to Lyme Regis, would be about 320 miles in length, while the 
breadth of the formation is extremely irregular, in some places 
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not more than two or three miles, and in others as much 
seventy. The average breadth maj probably be about 
five mil^s. North of the Humber, the oolites of Yorl 
occupv an extreme breadth from Filej on the coast to nesj 
Thirsk, of rather more than forty miles, with about the 
length in a north and south direction, from Redcar at 
mouth of the Tees to beyond New Malton. South of 
place they extend to the Humber, forming a narrow 
scarcelv more than two miles in breadth. 

■r 

The oolites of Yorkshire embrace the eastern Moorl 
the Hambledon, and the Howardian Hills, together with 
fertile clay districts of Cleveland, the Yale of Esk, and 
Vale of Pickering. The high country of the Mooriand^l 
which rise to elevations varying from 1,000 to 1,500 ktki 
above the sea, consists of rocks corresponding to the infeiiatd 
and great oolite of the south, although the division of folkifr 
earth which separates them in the south appears to be want- 
ing in Yorkshire. The clays of the south are in fact repre- 
sented by shales in the Yorkshire oolites, while the limestones 
of Bath, Cheltenham, &c., are represented by sandstones and 
grits. The sandstone, shaly, and oflten ferruginous beds of 
the elevated districts rest on a platform of lias, which siur* 
rounds them in a semicircular form from Redcar on the coast, 
passing round near Northallerton and Thirsk to New MaltOD, 
and thence, still continuing in a narrow band, by Pocklington 
and Market Weighton to the Humber. The lias is also exposed 
entirely across the oolitic district from Stokesley on the east 
to Whitby on the coast. The river Esk flows in this valley of 
denudation, which is also traversed by a great basaltic dyke, 
extending many miles inland as far as the Durham coal field. 
Resting in order on those divisions which correspond with the 
great and inferior oolites of the south, is a mass of the Oxford 
and Kimmiridge clay, which occupies nearly one third of the 
whole oolitic district of Yorkshire. These two divisions, the 
Oxford and Kimmeridge clay, are separated by about 200 feet m 
thickness of calcareous and coralline grits, which do not occupy 
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tneh breadth on the snTface^ but i*hich are remarkable for 
le occorrence of swallow holes, into which rivers and streams 
X absorbed aad disappear for some miles of their course. 
The drainage of the district is priudpallj eifecteil by the Edc 
id the Derwent, and by tributaries of the Onse, which latter 
le from tlie escarpment of the oolitic hills, ami flow over the 
H. Tlie Esk flows chiefly through the lias, and is fed by 
moeroiia springs arising from the high Moorland district on 
Kb ride of it . The Derwent Ues chicfty in the Vale of Pickering, 
wing through the Kirameridge clay, but is fed by numerous 
ribataries from the Eastern Moorlands and the Howardian 
wliich flank the Vale of Pickering on three sides- 
tributaries flow in succession over the great oolite, the 
hford clay, the coral rag, and the Kimmeridge clay, in the 
direction as the dip of the strata ; and it is under these 
flWumstances that the water is so often engulphed in swallow 
pules, which correspond »ith fissures and cavities in the coral 
}~t*g, and its representative grit-stone beds. Having re- 
■ cdved all its priacipa! tributaries, however, in the Vale of 
Kckering, the Derwent, now a considerable river, breaks 
Ihrough the Howardian Hills, in a direction opposite to the 
dip of the strata, and crosses in succession the coral rag, the 
Oxford clay, the great oolite, the lios, and new red sandstone. 

Few towns of much importancE are situate in the oolitic dis- 
trict of Yorkshire. The principal are Whitby, Scarborough, 
Pickering, and New Malton. These would, probably, be able 
to derive abundant supplies of water from impounding resei- 
Tirirs, constructed across the deep narrow gorges of the oolitic 
hills. The water of these hdls not being so highly impreg- 
niited with calcareous ingredients, is very superior in softness 
to the ordinary water of oolitic districts in England. The 
Howardian Hills, the Hambledon Hills, and the Eastern Moor- 
bnda of Yorkshire will, probably, become of much importance 
m fbture years, as capable of yielding supphes of water to 
towns OH the lias and new red sandstone districts lying to the 
It is probable that the rich and fertile valleys of the 



Ouse and the Tees will so increue in popolBtior 
supplies of nater from these Yorkshire hills. 



This comprises the development of the formaUoa i 
counties of Lincoln, Leicester, Rutland, Northampton, 1 
tingdon, Bedford, "Worcester, Gloucester, Oslord, Buc 
bam, and Wilts. The breadth at the Ilumber is nearly a 
miles, from which it gradually increases in a southerly d 
tion till, at Lynn, the breadth of the formation measured u 
the fens of Lincolnshire to its western botmdary n 
borough, is not less than serrnty miles. In tb 
however, about one half, consisting of the Oxford ( 
covered over by the fens of Lincolnshire. From this estrri 
development the breadth somewhat diminishes, n 
a line measured across the district at right angles to its in 
ginary axis, would be about forty miles. From Stratfoid-U 
Avon the outline of the lias may be traced all the way tc 
and Bristol, but it becomes very tortuous iu W'amickslui 
■Worcester, and Gloucestershire, jutting out m many ii 
hills and bolated promiuences into the new red s 
country. 

The upper diiTsions of the oolite above the Oxford c 
but slightly developed in all this extensive tract. The Kim 
idge clay is of inconsiderable extent in oil the northern {i 
although it may be traced continuoasly under the ^ 
from the Ilumber into Buckinghamshire, where it attai 
breadth of several miles in the forest of Brenwood, 
Aylesbury and Oxford. The members of the oolitic s 
above the Kimmeridgc clay are so little developed, t 
I. require notice in a hasty sketch of this kind. 

~" e coral rag first appears a little north-east of Oxford, U 
s zone about three miles wide, by A 
gdoD, Highworth, and Wotton Basset, to Chipp« 
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d Calne, soon after which it disappears. The Oxford clay 
(niiiies a lenticular space between the Uumber and lincoto, 
9 the fens commence. It may be traceJ, however, on the 
e of the fens, by Sleaford and. Buurne, almost down to 
^rough, and doubtless contiuucs beneetli the fens in all 
ern part of Lincolnshire. 

h of Peterborough the Oxford clay expands to a consi- 

■ breadth in Huntingdon and Bedfordshire, except irhere 

paded, and the great oolite exposed, ia the valley of the 

round Bedford. Between Bedford and the iieighhmir- 

* Bnth, it occupies a very irregular zone, the eastern 

^vhich is much encroached on, sometimes by the over- 

Kmmeridge clay, and sometimes hy the lower green 

I The breadth of the Oxford clay at Huntingdon is more 

5 miles, while at other places, as in the neighbourhood 

1 and Oxford, it is not more than two miles 

I great oolite has been already spoken of in the Eastern 
Mlands of Yorkshire, and in the Howardian and Hambledon 
ffiUa. South of the Humber, the great oolite, with its subor- 
dinate beds of combraah and forest marble, everywhere ac- 
companies and passes under the Oxford clay. North of Lin- 
a very narrow strip of country, but in the 
*rath of Lincolnshire it expands to a much greater width. 
Bds width, from Bourne in Lincolushire to Saltbyin Leices- 
lenltice, is not less than seventeen miles; three of which, how- 
eter, are occupied by the denuded valley of the Witham, 
IB which the lower oolite and the lias are exposed. 

In Northamptonshire, Bueka, and Wiltshire, the great 
wJite is much developed, but has a very irregular boundary, 
ftajueatly capping high grounds over considerable areas, and 
Wrrounded by zones of lower oolite and lias, which cut it off 
•adisolate it in large irregular masses. 

Soath of Bath the great oolite is only slightly developed. 
I| eitends in a narrow atrip, by Frome as far as Brutou, where 
' (ginato occupy a greater breadth, and spreads out in Gil- 
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Fttoc ftZ'l Mzlbom For»t to a bfcadth of more 
:ez. zz££*, Soosb. cf Bradford Abbas the great oolite 
6Xtr<;=.e> narrow, and can ja<t be traced bv Bcamister 
A'-^'i-.t^orOT S3 or as Weymouth Bar, where it appetn 
u*:i2l Lnirrivinz the Oxtcsd ctar. 

Tur fillrR-earth or Frcnie dar, which sepaiates the 
and interior oolites is scarcelr known in the north of 
It nrst appears in the neighbourhood of Wincheombe in ' 
ces:er»hire, where it encircles several small irregularly 
conical hills, the top of each consisting of the great 
supported in a shallow basin of Frome day or fullei 
while the base of each consbts of the lower oolite and lias. 

From the neighbourhood of Northleach^ under the Cottej 
wold hills, to Bradford, Frome, and Bruton, the fullers-eoAi 
may be traced continuously as a thin retentive motlej-cdounij 
stratum, everrwhere separating the two great freestone mem- 
bers of the oolite formation. This comparatively narroir 
strip of clay, which plays an important part in the hydro- 
graphy of the oolitic count n^', continues by Bradford Abbai^ 
Beamister, and near Bridport to the coast of Dorsetshire ife 
Burton Cliff. Besides this continuous wavy line, the fullen- 
earth appears in all the outliers on the western side whidi 
are merely separated from the true oolitic country by valkyi 
of denudation. Thus isolated hills in the neighbouriiood 
of Northleach, Stroud, and Bath, are all encircled by thii 
narrow band of fullers- earth, which commonly causes very 
copious springs to burst out from the lower beds of the 
superincumbent great oolite. There are no less than four 
hills in the neighbourhood of Bath, which are thus encir- 
cled by the fullers- earth. The most conspicuous of these an 
Lansdown and Clavcrton down. 

Tlie inferior oolite, with its subordinate sands, is chiefly 
developed in Northamptonshire, Grloucestershire, and Dorset- 
shire. Its boundary is extremely irregular, and, hke the 
great oolite, it caps numerous isolated hills where it rests on 
a base of lias. 
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In this manner it caps the lias in the neighhourhood of 
Uppingham, in Rutlandshire, and also covers a considerable 
txtent of lias country, extendmg from Market Harborough 
to Brackley, in Buckinghamshire. It appears at North- 
pton, Wellingborough, and Rothwell, underlying the great 

which here forms the surface of the country. 
The inferior ooUte appears again in Campden and Bourton 
^jUDs, near Evesham, and passes through Gloucestershire by 
jtVinchcombe, Northleach, and Painswick. It also occurs in 
iLnsdown and other hills in the neighbourhood of Bath, form- 
'Aig the cap of Dundry and Stantonbury hills. South-west of 
.Frame it appears in the platform of Doulting, extending by 
firoton and Castle Gary to Bradford Abbas. From this point 
|ft increases considerably in width, and extends by Crewkeme 
«nd Bridport to the coast of Dorsetshire. The inferior oolite 
firmishes a famous building stone of very superior quality to 
ihe ordinary Bath oohte. It is probable that the quarries 
ia the neighbourhood of Bath first acquired their reputation 
6om the employment of the lower oolites, which are now ex- 
tensively replaced by beds of softer and more perishable quality 
I ftom the great oohte. The inferior oolite of Dundry furnished 
Hie stone for building the beautiful church of St. Mary 
Bedeliffe, at Bristol, while the Doulting stone, near Shepton 
Ifallet was used in Wells Gathedral and Glastonbury Abbey. 
In colour it is yellower than the great oolite, the oolitic grains 
are larger, and the cement which unites them stronger and 
more crystalline. 

The lias formation is a great mass of clay with subordinate 
beds of hmestone and marlstone which commonly underlies 
the inferior oohte, and is very extensively developed in Eng- 
land. This formation may be traced uninterruptedly from 
the coast of Yorkshire, at Redcar, and Whitby, to that of 
Dorsetshire at Lyme Regis and Axmouth. It ranges with a 
very variable width through all th^ counties lying between 
these extreme points. Its greatest breadth is probably in the 
neighbourhood of Towcester, where it occupies a tract nearly 
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60 miles in widths with some slight interraptions hj patehfll 
of the inferior oolite. 

The oolitic system, like the cretaceous, has prohablj 
one time been universal or nearly so. The members wl 
compose it may be traced either in an entire or partial seikl 
around the edges of the three great chalk basins of Francfl^ 
namely, the Anglo-Parisian, the Pyrenean, and the Medita> 
ranenn. We find oohtic rocks in Spain, Portugal, Italjv 
Piedmont, Switzerland, Germany, Luxemburg, Swabia, Win^ 
tcmburg, "Westphalia, Saxony, Bavaria, &c. They exist h 
Asia Minor, in the Crimea, covering a great extent of centnl ^ 
Russia, and passing thence to the icy sea on both sideC 
of the Ural Mountains. They appear in Indiana, NoA 
America ; also in the Cordilleras of Coquimbo, in ChiU. Thef* 
have been recognised in the mountains of Himalaya in tliff 
East Indies. 

These distant points include an area which extends li- 
the northern hemisphere over 60° of latitude, and in the 
southern hemisphere from the torrid zone to the 30th degree. 
The isolated outposts scattered at such immense distances over 
the surface of this planet prove that the oolitic formation is not 
a partial or local deposit, but that it has spread over by far th« 
greater portion of the earth's surface.* 

Taking a general stratigraphical view of the whole oolitic 
series, it may be said to consist of four great masses of 
calcareous or partially permeable strata separated by thick 
deposits of clay. Thus the Portland oolites, limestones, and 
sands repose on the Kimmeridge clay. 2ndly. The coral rag 
and calcareous grits of Headington rest on the Oxford clay. 
3rdly. Beneath this come the Cornbrash and Bath, or great 
oolite, resting on the fullers- earth. Below this, again, is the 
inferior oolite, and its accompanying sands resting on the 
thick mass of the lias clay. 

This remarkable alternate succession of porous and imper- 
meable beds gives rise to innumerable springs all over the 

* D'Orbigny. 
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Dcilitic country ; and the repetition of similar beds, gives rise 
to similar phenomena from the top to the bottom of the series. 
Thus, the Eimmeridge clay, which probably varies in thick- 
aess from 70 to 600 or 700 feet, throws out the water 
^rhich sinks through the porous beds of Portland stone and 
Mnd. Hence in sinking wells through the Portland beds, 
irhich are usually less in thickness than the Kimmeridge 
day, water will commonly be met with at no very considerable 
depth, whilst wells simk in the clay may possibly have to 
penetrate 700 feet before deriving any water, which can 
only arise from the coral rag beneath. The Kimmeridge clay 
; is usually of a bluish slate colour, and frequently contains 
Ms of bituminous coal. Sometimes however, the colour ap- 
proaches more to that of grey, and is sometimes even yel- 
' bwish or reddish brown. It has an unctuous, greasy, feeling 
when rubbed, and has frequently a fissile, laminated appear- 
, ince, owing to the presence of vegetable matter. 

The French geologists estimate the upper division of the 
oolitic series, from the top of the Portland rock to the base 
of the Kimmeridge clay, at 700 feet in thickness, 200 of 
which they assign to the Portland rock and sand, and 500 
feet to the Kimmeridge clay. In the neighbourhood of 
Weymouth, the Portland stone and sand are each about 80 
feet in thickness, and the Kimmeridge clay, at the village 
of Kimmeridge itself, is about 600 feet, but it gradually be- 
comes thinner, till at Oxford it is reduced to 70 feet. 

Dr. Fitton gives the following thicknesses : — Portland 
Stone — In Portland Island, between 60 and 70 feet ; at Swin- 
don, 60 to 65 ; at Great Hazely in Oxfordshire, 27 feet ; at 
Brill, about 23 feet ; near Quainton, and Whitchurch in Buck- 
inghamshire, from 4 to 20 feet. Portland sand — ^near St. Al- 
ban's Head inthelsleofPurbeck, 120 to 140 feet; in the Isle 
of Portland, 80 feet ; near Thame in Oxfordshire, about 50 feet. 
According to Sir Henry de la Beche and the Dean of West- 
minster, the thickness of the Kimmeridge clay in the bay from 
which it takes its name is GOO feet ; but they state the thick- 
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ncss Bt Bingstendto be only 300 feet. Sir Henry de la 
considers tin- general thickness in tbe soutb-west of 
about 500 feet. Dr. FiCtonsays it is only aboat 20 feet 
in one of the Headington quarries near Osford, 

The Portland ooUte and sand, as nell as the Kimmf 
clay, nre marine deposits in which littoral shells app 
mixed np with those inhabiting deeper water. Some 
the Kimmeridge clay contain so much bitumen as tc 
spontaneously, and continue smouldering for long pei 
Some of the bituminous beds arc used for fnel 
bonrhood of Kimmeridge, 

Water issnes abundantly round the edges of the 
sand, where it is underlaid by the Kimmeridge clay, 
ing through the latter the small quantjlj of water t 
met with in the partings is usually of inferior quality 
is commonly necessary to sink through the whole tlucknesa 
the Kimmeridge clay, before finding an abundant supply 
good water. The supply for Boulogoe-si 
from springs at the lop of the Kimmeridge clay, but the qB 
tity is miserably deficient. An attempt is being made to ] 
cure an additiouat quantity by sinking in the clay. 1 
attempt will probably fall, although the cliffs are extran 
wet owing to the percolation of water into the minute M 
partings of the clny. 



OXFOBO CLAY. 

■ding to Mr. Lonsdali 



kTHE COKAL IIAC 
The coral rag in Wiltshii 
feet in thickness. On the coast near Weymonth, 
de la Beche ^ves the thickness at 150 feet. The 0x1 
y at Weymouth is about 300 feet in thickness, but Sir 
la Beche considers the general thickness in England tbaf 
600 feet. Tiie French geologists differ considerably from " 
English in estimating the thickness of these formalien 
They assign nearly 1000 feet to the Oxford oolite and 
Ig, and nearly 500 feet to the Osford clay,* 
* D'Orbigny's Coura Eltmeataire. 
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The coral rag is so named because the central part of it con- 

«ht8 of a loose rubbly limestone, which is almost entirely com- 

foaed of an assemblage of branching corals belonging to the 

fnnily of the madrepores. Above this central coralline mass 

wn beds of calcareous freestone tolerably close in texture, fre- 

foently very indistinctly ooUtic, but sometimes consisting of 

•uch large oviform grains as to have occasioned the name of 

KwUte (pea stone), which was applied to it by Mr. Smith the 

; ikther of EngUsh practical geologists. Below the coralline 

'. pttt are yellowish, sandy, calcareous beds, traversed by irregu- 

|.lir strata, and concretions of indurated calcareo-siliceous grit 

itone. 

The water of the coral rag is frequently impregnated with 

\ iron, which is commonly abundant in the lower sands of the 

series. This formation is one of those which, owing to its 

loose incoherent nature, and to the fissures which traverse it, 

h found to engulph or swallow up the streams flowing 

Ofer it, especially those whose course is opposed to the 

tiataral dip of the beds. Several examples of this may be 

seen near Headington in Oxfordshire, where the small 

streams which flow from the surface of the Kimmeridge clay 

towards the Cherwell are frequently lost in passing over the 

ooral rag. 

The Oxford clay is a thick mass of dark blue tenacious 
day frequently mixed with calcareous and sometimes with 
bituminous matter, and abomiding in places with septaria and 
argillaceous geodcs traversed by veins filled with carbonate 
of lime. Many of the beds contain sulphur in the form of 
iron pyrites, besides sulphates of lime, gypsum, and mag- 
nesia. These mineral ingredients often impregnate the 
waters of this formation to such an extent as to render them 
valuable for medicinal purposes. Some of these waters are 
purgative, as at Stanfield, in Lincolnshire ; Kingscliff, North- 
amptonshire ; Cumner, Berkshire ; Melksham, and Holt, 
Wiltshire. 
The water of Woodhall Spa, in lincohishire, which is drawn . 



from a well iti the Oxford clav, is strongly impregnHted 
iodiue and bromiae. CiislTbeale and othe^ mineral apt 
in (he Oxford clay of Wiltshire. It is usually n( 
1 sink a considerable deprh in order to procnre n 
I the thtford clay. A well. 478 feet in depth, has ! 
: through it at Boston, in Lincolnshire, trithout obi 
an adequate supply. The nell at Woodhall ia 
e B40 feet in depth,* having been sunk aa an attemp 
e cool. A brine spring, however, was met with I 
l|ith of 500 feet, and this is the one which contains 
iae aod broraioe. From the account given by Dr. Gi 
f the strata passed through, the water appears to o 
n the combrash at the base of the Oxford clay. 



THE GREAT 



'ULLERS-EABTB. 



The beds ranked by gralogists under this name vary n 

raposition iii different parts of the oolitic range. 

iiBOmhrash, however, generally appears to succeed the Ox 

B'^y, and interpose between it and the oolilic beds, from «1 

fttius part of the series takes its name. The combrash 

■ looee rubbly limestone of a grey or bluish colotir n 

(broken, but on the outside usually brown and earthy. 

1 quarried, commonly in thin beds, and ia sel 

jgether more than 15 or 16 feet in thickness. The g 

, in Yorksliire, consists of sandstones, shales, and H 

I, about 230 feet iu thickness, and is not succeeded J 

f fullerS'earth, but by a mass of sandstones and 

d880 feet, vtiich separate the great oolite from the in 

In Lincolnshire the combrash ia about six 

To this succeed beds of clays, shales, shelly, 

arly oolites, and, in the lower part, sands which rest o 

aferior oolite. The whole thickness of the great o 

nd of the sands which correspond with the fullers-earfli, 

n Lincolnshire, according to Mr. Slorris, than 

* GteasjUe oa the Spaa of EnBlanil. 
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,6 feet, wLile, in Vorksliire, the thickness is more iLmi 
)0 feet. 

In the south-west of Euglaud, an in the ndghliourhood of 
btlt and Frome, the combrash ia succeeded hy aauds, and by 
wds termed forest marble, which are sometimes 100 feet in 
luckness. Tliea comes the Bradford clay, 40 to 60 feet; 
dwu the great oohte, 40 to 120 feet, and below this the 
(nliers-earth, whiuh at places is 130 feet thiek, and at 
Others, thins nut almost to nothing. The great oolite and 
fiiUcrs-earth together, in the south-west of England vary from 
SO to 410 feet.* The French geologists assign a much 
gKater thickness to this part of the oolitic series. They 
estimate the Callomeit formation, which corresponds with tiie 
lower part of our Oxford clay and with the Kelloway rock, 
at 300 ieci. To tlie Bathonien formation, which corresponds 
nitli our cornhrash and great oolite, they assign a thickness 
?{ 200 feet. The fullers-earth {terre h /oulon) ranks with 
' fccm as a member of the Bajocien formation, which com- 
ptvMs also the inferior oolite, haying a total thickness of 300 
ft«. The Brodibrd clay where it occurs overlies the great 
oolite, but ia commonly wanting, except in the neighbour- 
tood of Bradford, ou both sides of which it thins out. 

The great oolite, ao well known from the large qaarries at 
Bos;, Farley Down, Bradford, and Comb Down, consists at 
top and bottom of shelly, rubbly oolites, enclosing a central 
nuss of fine grained oolitic freestone, varying from 10 to 30 
fret in thickness. It is this freeatone which is so cxten- 
lively worked in the neighbourhood of Bath, but its quality i 
>l bv no means equal to that of the inferior oolite, which has 
■ loiich tougher and more crystalline structure. 

The same general rule which has been before alluded to, as ] 
to the occurrence of water on the surface of clays i: 
lying permeable rocks, applies to this part of the oolitic I 
Where clays auiqiort the cornhrash and separate it J 
L the LineolQshira Oolites. Geological JourDal, vol. i 
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from the great oolite, springs of water are found and water 
is easily procured from wells. The fiillers-earth again throws 
out the water which sinks through the great oolite in which 
the wells are commonly of considerable depth. 

The combrash, like the coral rag, is remarkable for ab- 
sorbing the water of streams which flow over it. Messn. 
Conybeare and Phillips observe, that about SO swallow holo 
may be noticed in the space of half a mile around HintoBi 
in the sandy cornbrash of Somersetshire. A similar pheno- 
menon occurs to various branches of the Rye about Kid)j 
Moorside, and Helmsby in Yorkshire. 

The springs which break out from the fullers-earth where 
this passes under the great ooUte are usually very copiom. 
These springs are very abundant in the town of Frome and 
the adjacent valleys. It must not be supposed that the nuus 
to which the name of fullers-earth has been given oonsisti 
entirely of this pecuUar substance. At Bath and in the 
neighbourhood of Frome, where the fullers-earth formation is 
best developed, the upper part consists of 30 to 40 feet of blue 
and yellow clay, then 5 to 8 feet of true fullers- earth, suc- 
ceeded by 1 00 feet of brownish clay, frequently inclosing beds 
of tough rubbly limestone, called the fullers-earth rock. 

INFERIOR OOLITE AND LIAS. 

In Yorkshire the inferior oolite is about 80 feet in thick- 
ness ; in Lincolnshire, 20 to 50 feet ; and in the West of 
England, in the neighbourhood of Bath and Cheltenham, 130 
to 230 feet. Mr. Lonsdale gives 1 30 feet as the general thick- 
ness in the hills around Bath, and observes that the upper 60 
feet consist of limestone, having a distinctly oolitic character, 
while the lower 70 feet consist chiefly of sand, slightly calci- 
reous, with irregular concretions and courses of limestone. In 
the Cotteswold hills near Cheltenham and Leckhampton^ the 
upper portion consists of sandy beds, the middle of good free- 
stone of a yellowish white coloni, and the lower bed is a piflo- 
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itic Tock composed of rounded or flattened grdns about the size 
if a pea, cemented by a calcareous paste. 

The lias consists usually of three principal divisions^ 
namely, the upper marls and shales, the marl- stone or blue 
lias rock, and the lower lias marls. The thickness of the lias 
in England varies in different places, and according to different 
anthorities from 400 to 600 feet, and in Leckhampton Hill in 
doacestershire, the late Mr. Strickland estimated the thick- 
ness of the three members composing the has at 750 feet. 
In the neighbourhood of Bath, according to Mr. Lonsdale, 
the whole thickness of the lias is under 300 feet. Among the 
French geologists the Bajoden formation, which includes the 
fnllers-earth and inferior oolite, is estimated at about 200 feet, 
while the united thickness of the three members of the lias, 
namely, the Toarcien^ the Idasien, and the Sin^murien 
stages are estimated at nearly 2000 feet. 

The French geologists consider the whole thickness of the 
oolitic series, from the top of the Portland rock to the base of 
the lower lias shales to be nearly 5,100 feet. 

The lias throws out springs at its junction with the inferior 
oolite, just in the same manner as the fulleFS-earth does where 
it underlies the great oolite. These springs are very copious 
in the Mendip district, where the inferior oolite rests some- 
times on lias, but often overlaps the edges of the latter, and 
reposes on the highly inclined strata of mountain limestone, 
which flank the Mendip range. The towns of Gloucester and 
Cheltenham both derive their supply of water from springs 
which rise at the base of the inferior oolite, where they are 
held up by the lias. Shepton Mallet and other smaller towns 
in Somersetshire are supplied in the same way by streams of 
running water, which have their origin in springs arising in 
this manner. 

The mineral waters of Bath are derived from springs thrown 
out by the lias, while those of Cheltenham and Gloucester are 
drawn from wells sunk in the Has. Cheltenham and Glou- 
cester spas contain a large proportion of the muriates and sul- 



phates of soda, vhWe the Bath water contaons a veiy ai 
quaolily of the sahs of soda, but a notable proportion of i 
pbate of lime. The Glouceater and Cheltenham natera i 
contain a griun of bromine in 6 to 10 gallons of water, id 
the presence of this suhstauce has not been noticed in i 
analysis of the Bath water. The thermal springs in B 
vary in temperature from S0° to 120° Pah. 

The principal places situated ou the ooUtic formation in E 
land arc Whitby, Searhoroiigh, Maltoii, and Market Wdgh 
in Yorkshire ; Lincoln. Sleaford, Grantham, Bourne, am 
fen smaller towns in Lincolnshire. Proceeding aouibn 
the fiUbwing towns arc also on this formation : — Oakhl 
Stamford, Peterborough, Uppingham, Market Harborauj 
Huntingdon, Higham Ferrers, Northampton, Bedford, Ei 
ham, Banbury, Buckingham, Oxford, Witney, Stro 
Tewkesbury, Cheltenham, Gloucester, Cirencester, Fiiifii 
Leehlade, Faringdon, Abijigdon, Highworth, Cricklade, Cai 
Malmesbury, Chippenham, Bath, Melksham, Bradford, TH 
bridge, Frome, Sheptoii Mallet, Bruton, Glastonbury, Si 
borne, Yeovil, Ilniinster, Crcwkertie, Axminster Axmoo 
Charmouth, Bridport, and Weymouth. 



* This is the nomenclature now commonly adopted by 
lish geologists for the old names of new red sandstone and 
magnesian limestone on which it rests. The trias group 
sists in the upper part of Tnricgated red, white, and 
marls and clays, frequently abounding in gypsum and se 
while the lower part consists usually of red clays and 
stones, being generally much more arenaceous than the 
or gypseous beds. The Permian group consists of dolomiti^i 
magnesian limestones, and in its lower portion of sandstoi 
conglomerates, and beds of indurated and cemented pebbles 
pudding stones. 

The eastern boundary of the trias group may he traced 
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ling like & continuous line from tlie mouth of the Tees 

Darl»un lo the EngtJsli Channel in Tt-ignmouth Bay, but 

tia far othernise with the western limits of this great fonna- 

trias and the PenniHn groups form the last or 

lowest in a stratigraphical seose, of those formatious which 

■ppear to have been deposited in regular, concentric, aud 

■nrflHel layers, one over the other. It is true that frequently 

Hie member of the series above the new red sandstone overlaps 

Vk edges of another, or perhaps Beventl of those beueath it, so 

iSat the order of Buccession is found to have gaps in which 

ftttain strata are wanting. Thus, tlie lower members of the 

EKtaceous series are frequently found to overlap several of the 

ler members of the oolitic series, so that the latter do not 

ear at the snrface at all ; and the formation No. 2, for in- 

icp, is found to be in contact with, and immediately repos- 

OD No. 5, the intermediate members 3 and 4 being wanting. 

jlotwithstanding this peculiarity, which is chiefly due to what 

9i called the thinning out of particular formations, there is a 

>|neral order of superpositiou, and a general parallehsm of dip, 

ittnmghout all the formations we have been conddering, aod 

Hii) parallelism extends to the base of the Permian series. 

This parallelism, termed by geologists the conformability of 

■Ufata, indicates that during the vast intervals of time which 

ilhe Permian and the superior groups have required for their 

'i^sit, no very striking elevntory niovementa of the earth's 

Wlfftue have taken place ; and, at all events, that no very im- 

.pwtant movement bns taken place in the interval between the 

KUptetion of one formation, and the deposit of the next suc- 

neding one. 

Bat wheu we look beneath the Permian formation, we find 
> widely different state of things. We find that movements in 
the cmst of the earth, on a scale almost too vast for compre- 
teiaion, must have taken place between the deposit of the 
Jiidteozoic, or first formed rocks, and the commencement of that 
great parallel series which comftiences with the Permian group. 
Ib the language of geology, we find the mesozoic or middle 
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life series of rocks, resting unconformable on the palaeozoic or, 
early life series. Sometimes the trias or the Permian groop 
rests upon granite or syenite, as on the flanks of the Malnn 
Hills ; sometimes it rests on carboniferons limestone^ or other 
members of the great coal series; sometimes on the old Fed,j 
sandstone ; and sometimes on the still more ancient rocks of j 
the Silurian series. "Whatever formation it rests on, howem; 
the stratitieation of the older group is never conformable, o 
]>arallel with that of the newer. The beds of the trias and 
Termian group in England are usually horizontal, while tlw 
older rocks on which they rest are commonly inclined atiiif^ 
angles, and are sometimes nearly vertical. This remarkabio 
absence of parallelism shows that in the interval between ths 
close of the palaeozoic and the commencement of the mesoMie 
period, immense subterranean forces must have been at work to 
overthrow and break up the solid crust of the earth, and 
that these forces had generally ceased to act before the meao- 
zoic deposits commenced. 

The vast jilains of new red sandstone and magnesian lime- 
stone which cover so great a portion of this island, have been 
compared to the figure of a sea, composed of horizontal beds of 
red marls, sands, and sandstones, surrounding elevated islands 
of carboniferous rocks, old red sandstone, Silurian rocks and 
others, all variouslv and irregularlv stratified.* 

These plains commence north of Carlisle and Sunderland, on 
the opposite §ides of England, and skirt the elevated moun- 
tain district of Durham, Westmorland, Yorkshire, Lancashire 
and Derbyshire, as far south as Nottingham and Newcastle- 
undcr-Lyne, between which places they border the elevated 
district of Staffordshire and Derbyshire. The extreme horse 
shoe boundary of the mountain district thus skirted by the 
Permian and trias groups from Tynemouth round by Notting* 
ham and Newcastle-under-Lyne, and thence northward to New- 
castle-upon-Tyne is not less than 350 miles. On the east side 
the breadth of the plains will, probably, not average less than 18 

* ConybeaTe vnd l?ld)il\«. 



lies, whUe on the west side the brenilth ia seldom more than 
miles, except in the plains of Ciieshire, and in the valley of 
te Eden near Carlisle. 
Throughout the whole of this extensive boandary of the 
Utcozoic Tocks the niagnesian limestone uaderliei 
td sandstone, except in the southern pnrt from Newcastie- 
mder-Lj-ne to Nottingham, and in a part of Lancnahire 
between Ulverstone and Preston, ivhere the m 
Kone has not been observed. The principni development of 
9x Permian gronp extends on the eastern side of the moii 
hSii district from the mouth of the Tyne to Nottingham, 
lenglh of about 150 miles. Throughout this extent it c 
Bopies a somewhat depressed range of hills resting on the 
ml measures of the Durham, Yorkshire, and Derbyshire coal 
Belds. The average breadth of this tract of magnesiau lime- 
stone on the surface does not exceed three miles, bat it 
fttnishes abundant supplies of excellent lime in the neigh- 
bourhood of Knaresborongh, Knottingly, and other places in 
Torkahire. In Derbyshire are the famous quarries of Bol- 
Wm Moor, Anstone, and other places, which have sup- 
jiied the stone for the New Houses of Parliament, and for 
Blffliy ancient and celebrated edifices all over the north of 
Ki^nnd. 

The magnesian limestone in its chemical composition con- 
KSts of nearly equal proportions of carbonate of lime and 
rarbonate of magnesia, and has commonly a more granular 
nd sandy structure than common limestone. The varieties 
which make such excellent lime at Knottingly, Kinnersley, 
Btd Brotherston, are usmilly hard, bluish-white, thin bedded 
fanestoncB, while the best building stones of the formation arc 
ihnlly buff-coloured or yellowish freestones, which dry to an 
ilmost white colour when they lose the quarry water. Ia 
ibe neighbourhood of Nottingham the Permian formation 
smtuns thick beds of quartz gravel. Throughout the western 
art of its range the magtiesian limestone from Preston by Maa- 
iesler, Stockport, and Cheadle, is seldom more than a mile 
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in width, but in the valley of the Eden its lirendth is d 
three miles. 

The trias formation occupies the space between the i 
nesinn limestone and the lias on the eastern side of the id 
while on the western side, between Liverpool and Carlid 
:uj)ics the space between the sen and the magnesian ] 
itone, or the older rocks -where this is wanting. 
In Cheshire and Salop, the trins or new red sandl 
[pies an extensive and regulnr plain of about 50 i 
from north to south, and about 23 miles in breadth, i 
rupled only by a patch of lias which exists in the neighi 
^ hoodof Wem, 

^^U South of the Trent, the great plain of the trias c 
^^hf D triangular area iu the counties of Stafford, Leice 
^^pPorcester, and Warwick. The base of the triangle 
^HZieicester to the Shropshire coal field is about 55 niilev 
^^Hta lengtli from the base to the apes at Nennham, in Q 
^f cesterahire, about 73 miles. The eastern boundary of 
triangular district is new red sandstone underlying the 
and the western boundary is a nnrrow strip, averaging a 
two miles wide of the Permian rocks, either restini 
abutting on the coal measures of the Shropshire and ( 
brook Dale coal fields, or the syenitic rocks of Malven 
the sUuriaua of Miteheldean and Ncwent. In the vdA 
this great triangular plain of new red sandstone are thn 
islands in which the older rocks are protruded through th 
aur&ce and occupy a considerable area. One of these island 
consists of the elevated syenitic district of Charnwood fiwi 
nnd the coal field of Ashby-de-la-Zouch near Leiea 
Another is formed by the syenitic hills of Nuneaton and 1^ 
small coal field which flanks them on the western side, 
third island consists of the Staffordshire coal field, betivrti 
Birmingham and Wolverhampton, with its remarkable occDm 
j^^Bunying trappean and silurian rocks in the neighbourhood 
^Kpudley, A patch of magnesian limestone appea 
^^Kestem side of the Tamworth coal field, and a similar ^ 
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mf snrrounda the Staffordsliire coal field, being uaually 
P agoinat the coal measures, not resting on them as in the 
Rif England and in the sauth-wciit. 
■r neit red sandstone tliroughout this great triangular 
■as the usual typical characters of the formation; the 
I beds being the most argillaceous and containing in 
E'large quantities of gjpsum. The variegated colours 
pefly pecuhar also to the upper beds. The more arena- 
UKda, and those which become iudurated into stone, as 
■luisbed from the upper marls and clays, are usually the 
feeda of the series, aad these are generally either red, or. 
Barely, buff coloured, 

bpyiiig a narrow gorge in the valley of the Seveni at 
pam, the new red sandstone passes through Glouces- 
R, Somersetshire, and Devonshire, to the sea coast ia 
BDouth Bay. It is usually accompanied by its underlying 
K magneaian limestoue, nhicli in the south-west is com- 
■ ft hard conglomerate or breccia, containing angular 
fcita of carboniierous limestone and old red sandstone. 
I the northern parts of England the trias and Permian 
Eons surround the older elevated coal fields in the 
■ouihood of Bristol. In the same manner they mantle 
I the Mendip hUU and overlap the edges of the old red 
■rboniferous limestone of Devonshire and Somersetshire. 
■Bode in which fragments and masses of magne.siaa 
naerate, hang on the sides of the older rocks in the 
■ourhood of Bristol, and in the deep picturesque vaDeys 
V Mendip hills, is higlily suggestive of speculation. One 
B) imagination that ancient sea filled with the huge 
B from disrupted mountains of limestone, millatonc grit, 
H red sandstone. One connects the broken truncated 
bts which hang on the precipitous side of a valley 
Hiase which appear oa the opposite side, and marvels 
Bnigbty agencies which have thus in succession formed 
Boken up, and again and again repaired the shattered 
I of this planet. Great and infinite are the wonders 
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The trias formation is largely developed both on the oo^ 
tinent of Europe and in those of America. It exhibits itseU^ 
in the Pyrenees, in the Var, on both slopes of the Vosgo^' 
and -in Normandy. In other parts of Europe the new red 
sandstone is represented in Germany, Belgium, Switzerland, 
Sardinia, Spain, Poland, Bohemia, Moravia, and Russia. Beds 
of it appear in the United States of America, and cover vist. 
surfaces in the republic of Bolivia in South America. Thqf 
have been traced in Colombia and in Mexico, and may be j 
said to extend from 20° of south latitude to 48° north. 

The Permian formation has a still more extensive ranges 
and is said to have been identified by means of its fossili 
as far north as Spitzbergen, in the 80th degree of north latitude. 
It derives its name from the government of Perm in Russii^ 
where the formation is largely developed. 

Neither the trias nor the Permian groups rise in thb 
country into escarpments, nor do they present that regnkr 
dip which distinguishes the more recent formations, and hen« 
it is that measures of absolute thickness are difficult to obtain. 
Nor are such measures of much value in formations of thU 
kind, as the depth of sinking required to penetrate throogli 
them will vary greatly in different localities, and the geolo- 
gist's measure of thickness will throw very Uttle light on thfe 
practical part of the question. 

Messrs. Conybeare and Phillips quote several instances rf 
pits sunk from 600 to 720 feet through the new red sand- 
stone without reaching the bottom. Two of these sinkings 
were in the county of Durham, and one at Evesham in Glou- 
cestershire. They also observe that in shafts sunk from the 
lias down to the coal measures at Pucklechurch in Glouces- 
tershire, the trias and Permian groups together were not 
more than 153 feet in thickness. In fact, in the south- 
west of England where the new red sandstone is spread out 
over the upturned edges of the carbonifierous rocks, there 
are many places where it thins out to only a few feet of 
thickness. 
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Mr. Binney* estimates the thickness of the red and varie- 
^Eted marls and sandstones of Cheshire at nearly 2000 feet. 

Messrs. Conyheare and Phillips state the average thickness 
Kf the Permian and trias groups together, in the south-west 
rf England, is ahout 200 feet. 

The Permian series is also exceedingly variable in thick- 
ness. In Derbyshire the thickness is given at about 300 feet 
by Messrs. Conyheare and PhilHps, while they observe that 
Qie thickness varies in Glamorganshire from 30 feet to as many 
inches in contiguous cliffs. 

M. D'Orbigny estimates the entire thickness of the trias 
g;raiip at about 2360 feet ; and that of the Permian at from 
1600 to 3300 feet. 

The surface of the new red sandstone is perhaps more 
covered than that of any other formation with gravel and 
«Oier detritus, which is sometimes porous, and at other 
jlaoes impermeable to water. Professor Sedgwick describes 
ihe new red sandstone surface in the valley of the Eden, 
** as buried for miles together under great heaps of old 
alluvial detritus." 

Where wells are sunk into the gravel lying on the stiff 
di^s and marls of the upper new red sandstone, an abundant 
supply of water is commonly procured in house wells from 
the land springs, which are sure to be met with in such 
atuations. These supplies, however, are generally quite 
inadequate for a town of any considerable size. In deeper 
sinkings into the variegated clays and marls of this forma- 
tion wells have to be sunk a great depth, namely down to 
the sand or sandstone beds in order to produce any large 
quantity of water. Nearly all the principal towns which 
have procured large supplies by sinking in the new red 
sandstone, as Manchester, Liverpool, Nottingham, &c., are 
situate on the arenaceous part of the formation, which is much 
more absorbent of water than the superior clayey and marly 
portions. 

* Proceedings of Geological Society, vol. 2, p. 12. 
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The new red sandstone of Cheshire and Lancashire maj 
separated into three principal divisions — according to Mr 
merod * we have in descending order. 

The saliferous and gypseoas beds of Chuch Law- 
ton, near Congleton 649 

The corresponding beds at Northwich and Middle- 
wich ........ 808 

1457 

Take the mean of these, or . . . .700 

Waterstone beds 400 

Sandstone beds corresponding with the Banter. Sandstein 
of continental geologists 600 

Total . . . 1700 

The depth of the beds has been well ascertained in Cheshi 
in consequence of the numerous sinkings for rock salt 
brine springs. Mr. Ormerod observes that all the abow 
thicknesses are probably understated. 

The saliferous marls of Cheshire, Staffordshire, and Wor- 
cestershire, form a very interesting portion of the trias groupi 
The whole of the new red sandstone district is so much int€^ 
sected by faults, that the depths both of the rock salt and of 
the brine springs present great anomalies. 

The thickness of unproductive gypseous marls, and clays 
overlying the salt measures, is frequently as much as 300, and, 
in some places, even 450 feet. The brine springs commonly 
rise in the shafts to a much greater height, often 100 feet 
higher than that at which they are first tapped. 

At Middlewich, which appears to be the centre and focus of 
the salt producing district, the brine springs are met with 
below a layer of black gravel, about 9 inches in thickness, 
between two horizontal beds of indurated clay or rock at a 
depth of about 7^ feet from the surface. This brine spring 

* On the salt field of Cheshire. — Proceedings of the Geological Society* 
vol iv. p. 262. 
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feies to the height of 18 feet below the surface. Two other 
pne springs are met with at Middlewich, at depths of 126 
■id 144 feet. The brine springs of Middlewich contain from 
18 to 42 ounces of salt in each gallon. The Staifordshire 
vrine springs in the neighbourhood of Ingestrie near Stafford^ 
BOQtain about 34 ounces per gallon. The Staffordshire salt 
bed, although separated from the Cheshire by the North 
ptafiPordshire coal field, and by a tract of the lower sandstone, 
rs Uke the Cheshire, beneath about 300 feet of red and 
us marls. There are numerous mineral springs of 
icinal water in the new red sandstone district, the most 
brated of which are those of Hartlepool, Croft, Harrogate, 
Askem in the North of England. In the southern and 
d counties, mineral springs occur at Leamington, 
kesbury, Ashby-de-la-Zouch, &c. Most of these contain 
quantities of common salt, together with the muriate of 
esia and other purgative salts. 
The Permian group as described by Mr. Binney and Mr. 
Ormerod in Lancashire, is about 330 feet thick, of which the 
^per 210 feet consist of red and variegated marls containing 
9im beds of limestone, and the lower 1 20 feet consist of red 
todstone. The Permian group in the south-west of England 
iOnsists usually of a conglomerate or breccia, enclosing large 
Klignlar fragments of carboniferous Hmestone and old red sand- 
Itone, and passing upwards, either into beds of red sandstone, 
nr into beds of fine grained dolomitic or magnesian limestone 
oi a yellowish colour. In the Mendip district the magnesian 
bmestone is frequently cavernous, and often contains extraordi* 
nary subterranean reservoirs of water. 

Professor Sedgwick, in a very valuable paper published in 
the geological transactions. Vol. 3 second series, has thus 
described the subdivisions of the great belt of magnesian lime- 
stone which extends from Nottingham into Durham. It 
consists in descending order of the following : — 

1. Grey thin bedded Umestone. 

2. Lower red marl and gypsum. 
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. & thick deposit of Tellow magoesiati limestone often r 

lular auO eortiiv ; sometimes hird and crrstailine. 

I 4. Tanouslr colonred marls, with thin beds of compact. 

Ehelly Umesione. 
I fi. MnrI slate aasociated nith gre^i thin bedded, and i 
compact limestone. 
. Lower red sandstone. 

his part of the scries in Sorham is abont 126 feet 
and appears to yield an unnsual quantitT of water. 
■ jBcdgwick mentions scTcral instances of the great toIudM 
r met with in sinking through this formation, 
B is Eppleton coal pit, in which this bed was 
idd 48,000 gallons of water per hour, or considerably i 
0,000 gallons per day. Other cases are mentk 
pJM the new water works at Bishop TVearmoath, and pits i 
by the proprietors of the Uction coal works, in which 
copious springs ncre encountered in this formation. 

Mr. Stephenson, in his second report on the subject I 
Spnng water supply from 'Watford, mentious the subject a 
estraordinory yield of the lower bed of the Permian sen 
the countv of Uurham. lie states that from two sluifls 
within a few yards of each other, the incredible quautii 
14,000,000 gallons a day has beenpumpedupfromlhestf 
of aand which crosses them. This stratum of sandis deac 
U lying between the rangnesinu hmestone and the coal fe 
I, and is tbereforej probably, identical with the Iowa 
I nndatone of Professor Sedgwick's snhdit-ision. 

The following are the principal towns in England sitnati 
I the trias and Permian formation : 

1. In the ralley of the Eden — Carlisle, Penrith, 
Appleby, 
. On the western side of the great Lancashire and 1 
byshire coal fields are Lancaster, Preston, LiTer| 
Manchester, Stockport, Chester, Northwich, MidAI 
wich, Congleton, Wresham, Market Drayton, 
Shrewsbuiy. 



\ 3. On the eastern side of the Durham, Yorkshire, and 

Nottinghamshire c«aldeld, are SuudcrlaDd, Darlington, 

I StockCou, Thirsk, Bjpon, Knaresborough, York, Pou- 

tclVact, Doncaster, Gainsborough, Newark, and Not- 

rtingliam. 
4, In the midland district south of the great DerhyBhins 
I coal field, are Stafford, Burton-on-Treut, Derby, Lough- 

m borough, Leicester, Lichfield, Penkridgo, Shiffuall, 

ft 'Wolverhampton, Bridgenorth, Stourbridge, Kidder- 

ft minster, Birmingham, Coveatr_>-, M'arwick, Leaming- 

ft ton, Droitwich, and Worcester. 

Htta the west of England, are Bristol, Wells, Bridgewater, 
^^^ Taunton, Exeter, and Teignmouth. 
^^^biDugh the capacity of the new red sandstone for absorb- 
^^^■■ter lias been much iusistcd on of late years, it is remark- 
^^^Kow few of the towns situate on this formation are sup- 
^^^Hfrom deep wella. The long and sevei'e parliamentary 
^^^BtB with refereuce to the water works of Liverpool, Man- 
^^^Br, and Birmingham, are well known to most of the 
^^^K In all these cases the result has been that deep and 
^^^Hfiye wells have beeu abandoned, and the corporation 
^^^W obtained possession of the existing pumping establish- 
^^^n is now, under the highest engineering advice, toying out 
^^Btnge sums in constructing storage reservoirs to collect 
^^Bnter from a drainiige area, instead of pumping it from the 

^^Hbfi following particulars, as to the supply of a number of 
^^Batincipal new red sandstone towns, will serve to show the 
^^Bl at present commonly resorted to for large public sup- 
^^B^of water, in new red sandstone districts. 
^^^Ktrith. — Water pumped up from the river Enmont to two 
^^^Hc reservoirs, one of which is 150 feet above the river, 
^^^^kmands the greater portion of the town. The npper 
^^^Kreaervoir is 350 feet above the river, and commands the 
^^0R portion.. Water pumped by a wheel worked by the 
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tier. — An abundtmt supply of very soft Tnter> 
i by grsTitalion frum a tieight of 1 148 feet abori 
, and stored in four equilibrium reservoirs at t 
lU. 

iJJleu^h. — Supplied by gravitation from high | 
ht the UMghbourhood — supply never knomi to fail. 

XaatuneA. — Works in progreis for supplying the t 
gnvitatiou, from H source four miles dist&ut. 

SHmilrrlaml. — Water pumped iTooi the sandatoue at 
of Humbleilon Ilill, I J miles from the centre of the t 
good, nod supply constant. 
Norlknllerton. — Supphed from shallow wells in tb 
seldom more than twelve feet deep. 

York. — Supplied from the river Ouse — water first [ 
into subsiding tanks; thence by two 40 horse power ^ 
flensing engines, into an elevated reservoir. 

Bartiafffon. — Water pumped from the river Te«, 
reservoir is a mile distant from the town, to wliicb the i 
descends by gravitation, wiih a pressure in the town m 
from 40 to 100 feet. Supply abundant, but nater ^met 
discoloured. The engine is of 30 horse power, and lifts! 
gallons per minute 100 feet high. 

Nemart. — New works for supplying water from 
Trent, pumped at a point two miles distant from the ti 
ftfter going through a process of natural tiltraiion. Pumped 
feet high above highest part of the town, and stored i 
covered reservoir holding 1^ day's consumption. 

Nottingham. — Supphed by water pumped partly from ti 
Trent, and partly from wells in the red sandstone. 
never deficient. 

PrettOH. — Supplied by gravitation from a millstone grit i 
tlict in the neighbourhood. Water collected in a ! 

airs, afterwards filtered and then stored in covered n 
Supply abundant and of excellent quahty. 

'I. — Supply at present momeut obtninedfrom kV, 
in the red sandstone. 



e works, however, are in progress for procuring 
rely new supply from the millatone grit district of 
Pike, on the completion of which the wella and 
jramping establishments are to be ahandoned. Some of the 
Veils yield at present more than 2^ million gallons a day, 
but opinions hare been expressed that they are partly fed by 
■applies from the river Mersey. 

L Manchester. Formerly supplied by deep wells, one of 
Hi^ yielded more than a million gallons a day. New works 
^Bttgress, as at Liverpool, for supplying by grnvitation from ' 
^^BuUstone grit district of Longdcndale. 
^^M^y. Supplied by n'ater which is partly collected in 
^^^■nding reservoirs, and partly pumped from the Der- 
^^B The service reservoir is at a height of 140 feet above 
^^^Bwn, and contains 1,158,000 gallons. The impound- 
^^^■KTVoir has an area of eleven acres and an average depth 
^^V feet (? extreme depth}. Works completed in 1851 : 
^^^wvhich time the supply has been adequate. Cost of 
^^K £50,000. D.iiiy supply, 953,000 gallons. 
^^^Bt/er. Water hitherto supplied by pumping from the 
^^^K)ee. Water of bad quality and not filtered. Scheme 
^^Bied by Ramraeli and Lister to bring water by gravi- 
^^^B from Delamerc Forest, and erect works for giving a 
^^K of filtered water. Estimated cost of works, £32,000. 
^^Hltion of Chester, 30,000. Another scheme proposed by 
^^Hlateman, who was employed by the old Company, for 
^^^K to the efficiency of the existing works, giving an 
^^^Bnal supply, filtering the water, adopting covered reser- 
^^^BBlc. Unsuccessful attempt made some time since to 
^^^k water from the red sandstone by tunnelling under the 

^^^BHt«r.' Supplied by grnvittilion with water collected on 
^^^■jh lands bordering Charnwood Forest. 
^^^^terhampton. Supplied very inadequately, partly by a 
^^^BCompfmy, and partly from small wells sunk in the drift 
^^^■bn which the town stoads ; water of these wells very 



122 ORIGIN AND 

bad in quality, containing a large quantity of organic 
and from 11 to 24 grains per gallon of snlphate of 
The Water Company has two wells, which do not yield 
400,000 gallons a day, whereas the town at the present 
requires at least a million. The water is stored in a 
reservoir at a sufficient height to supply the highest houseii 
the town. Water laid on at constant pressure. Act 
last Session, empowering a new Company to supply the 
from the river Worf, at a point about ten miles distant 
Wolverhampton . 

Bridgenorth. Water pumped from a well in the red 
stone, supply insufficient, the town being often without 
for several days together. 

Birmingham, Water to be taken from a drainage arcs i 
the neighbourhood. 

Coventry, Supplied from springs and three wells m tkl 
red sandstone. Water pumped up to an elevated reserroir 
which commands the town. 

Warwick, A well in progress ; already sunk more thii 
400 feet without success ; chiefly in strata of marl. 

Worcester, Water at present pumped from the Seven; 
supply intermittent and of bad quality; water not filterei 
Mr. Hawkesley recommends that the water be taken fsam 
the river Teme, or from the Severn, at a higher point. Pre- 
sent required supply, 360,000 gallons a day. Proposed coil 
of Hawkesley's Severn scheme, ^21,200 ; and of his Teme 
scheme, ^23,800. 

Bristol, Supplied by gravitation from the Mendip hills. 

Wells, Supplied from wells and springs in the detritil 
gravel on which the town is built. The water is probably 
derived from the carboniferous limestone chain of the Mend^ 
hills. 

Exeter. Supplied by water pumped from the river PyneSi 
a branch of the Exe, at a point about four miles above 
Exeter. 
It will be seen from the preceding notes that there are 



NATCaE OP SPRINGE. 123 

i two towns which can be said to derive a satia- 
r aropply from wells in the red sandstone. These are 
1 Nottingham ; and even in the latter of these 
k of the supply is pumped from the Trent. 

»t deal of inforaiation relative to the new red sand- 

^ snd Termian gronps, Las been elicited during the 

' years, especially during the parliamentary inqniries- 

e Liverpool and Manchester corporation water worka' 

The following are some particulars relative to the 

1 sandstone district of Liverpool, a subject which hai 

ftvxceedingly well illustrated in Mr. Stephenson's valnable 

t to the Town Council. 

svioasto the year 1850, the town had been supplied by 

kl Water Companies, who obtained the water from wells, 

l^e corporation having purchased the works of these 

miea had their attention drawn abont that time to other 

I of supply. Accordingly, we find in the hegintnng 

ED tliat Mr, Ilawkesley was proposing his Rivington Pike 

i while Mr, Newlands, the borough engineer, backed 

to authority of Mr. Simpson, was recommending further 

I of sinking and bormg ia the red sandstone in the 

iate vicinity of the town. Under these circumstances 

nter Committee of the Town Council called for the 

I and assistance of Mr. Robert Stephenson. At a meet- 

1 the 14th January, 1850, the Commiftee passed 

ig resolutions, " That Mr. Stepbensou having 

lously appointed the engineer for the purposes of 

■elation of the Council of the 9th of November, the 

I of the Committee is that he shoidd inform himself 

mUte subject in all its bearings by evidence, reports, or 

I to ensure that the views of all parties may be 

A before him to their satisfaction, and report his opinion to 

immhtee fully : — 

k Whether a supply sufficient as regards quantity and 
^ for the present and prospective wants of the town and, 
Wrhood, including domestic, trading, and manufao- 
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toriug purposes and aliippiiig ; and for public purposes, 
Watering and cleansing streets, flushing sewers, e^ctingoia 
Sres, and supplying public batbs nod noshbouses, cm 
obtained by addilional borings, or tunnels, or otberwisc 
ibe present stations ; viz. those purchagcd from the C 
ponies respectively, and from the Green Lone Works, ■ 
Tested in the Corporation ; and the cost of obtaining i 
■ufficieut supply. 

Sudly. Whether a sufficient addition to the present si^ 
c»n be obtained in the locolity or neigbhourhood of Hverpofl 
Mcommended by Messrs. Simpson and Nenlauds, or by boi 
or by any other course ; and the cost of obtaining and d 
buting the same ? 

3rdly. Whether sucb supply can heobtaiued by means o 
Rivingtoii Works; and the cost of obtaining and distribnt 
the same, as recommended by Mr. Ilawkesley 1 

4thly. Under all the present circumstances of the cases,' 
course is recommended to he pursued? 

William Shottleworth, Town Cler 

In pursuance of these resolutions, Hr. Stephen 
court at Liverpool, received a large body of eviden 
numerous experiments to be made, and on the 28th of M 
1850, furnished a very elaborate report to the Town ( 
from which the following information has been extracted :- 
On the Permeahility of the Red Sandstone in the Nl 
hourhood of Liverpool. 
The evidence adduced before Mr. Stephenson on this 
ject was very conflicting. The geological eridence had cl 
reference to the faults and fissures with which the new 
is kuDwn to be intersected, some geologists cont 
uig that these fissures ore filled with clay, and that they oe 
pletely cut up and divide the formation into a series of b< 
Ht. Buckland is quoted as an authority for this opij 
again are of opinion that the fissures are not oi 
itly open to admit of the free percoktion of water tl 
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ny particular bed, but that thej even act as channels to dif- 
lae the vater from one permeable bed to another ; and thus 
bey contend the whole mass of the new red sandstone, where- 
ver it consists of other than argillaceous beds, is freely per- 
aeable by water. Mr. Stephenson, himself, appears to incline 
O this view, which, he says, is supported by numerous instances 
n which welb, at a considerable distance were affected by 
ramping at Green Lane. 

In dealing with this part of the subject, Mr. Stephenson 
Hakes a very shrewd comment on some evidence which had 
been given by advocates for sinking wells, to the effect that 
Bertain wells were not affected by pumping from those in the 
neighbourhood. ** If," says Mr. Stephenson, "the sandstone 
Were so impermeable as to prevent one well influencing another 
9X a moderate distance, it would be exceedingly difficult, if 
not absolutely impossible, to obtain a very large supply of 
irater from any one well. As regards, indeed, the main ques- 
tion of obtaining from the sandstone an adequate supply of 
water, it is of the utmost consequence to establish, indis- 
putably, that the sandstone is extremely permeable." Mr. 
Stephenson here admirably exposes a vice which is far too 
common at the present day, that of over-proving one's case — 
that unhappy mistake of cunning people, whose ingenuity 
is so extreme that it absolutely over-reaches themselves. To 
return, however, to the subject of permeability, Mr. Stephen- 
son sums up his conclusion in these words — " that the rock 
may be looked upon as almost equally permeable in every di- 
rection, and the whole mass regarded as a reservoir filled up 
to a certain level, to which, whenever wells are sunk, water will 
always be obtained, more or less abundantly ; and a very care- 
ful consideration of all the facts that have come to my know- 
ledge in the present investigation, leads me to consider this 
view as the simplest, and the only one capable of general 
application." 

It most be fully borne in mind, that this strong opinion as to 
the complete permeability of the new red sandstone at Liver- 
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pool, is confined to this localitj alone, and does not ififiy to 
the new red sandstone generally. In that vast aggregate thick- 
ness of marls and sands, clajs, congbmerates, and sandstonei^ d 
which this formation is composed, we may naturally expect to 
find very opposite and various degrees of permeabilityin difiemt 
districts. In the neighbourhood of liverpool, the strata ap- 
pear to be highly arenaceous with few interstratified beds or 
partings of clay ; and it is remarkable that most of the cattiDd^ 
on the railways near Liyerpool, as well as the exposed faoei 
of rock in quarries, &c. are remarkably dry, presenting seldom 
any appearance of moisture trickling down the face and breik* 
ing out above partings of clay or marl. This absence of anf 
visible water, anomalous as it may seem at first sights is one of 
the best indications of complete permeability. It is almost 
invariably found all over England in chalk and sand cliiifo, and 
cuttings where, from the absence of clay or marl, the water is 
allowed freely to percolate. On the other hand, there are 
many districts of new red sandstone in which the sides of 
every excavation, both in quarries and in road, canal, and nil- 
way cuttings are constantly trickling with moisture, thrown 
out by the numerous clay partings, which are often so thin as 
to escape observation, unless the attention be directed to them 
by this unfailing symptom of the water breaking out. In such 
a new red sandstone district as this last, it is hopeless to ex- 
pect water in abundance from sinking. "We might as veil 
expect to meet with water in a thick mass of London or lias 
clay, in which the same appearance of water is presented, 
wherever they are exposed in cutting. The appearance is idso 
due to the same cause, namely, the alternation of beds porous 
in different degrees, the water percolating through the one 
being stopped and thrown out by the other. All engineers 
know well the difficulties which are often met with in execut- 
ing works through clays containing interstratified beds, which 
allow of partial penetration by water ; but although water is 
often met with in such quantity as to be very troublesomei 
affecting the stabihty of slopes, &c., yet no one would think of 
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any such strata to procure n copious supply of 

Tlte folloniDg are some of tlie general conclusious which 
to have lieen established witli reference to the pheno- 
mena of water and springs in the trias and Permtaii groups : — 

1. That water abounds in the drift gravel covering the new 
nd sandstone and the Permian rocks, but this is only suffi- 
cient for private domestic supply on a small scale, and cannot 
\e depended on for the pubUc supply of large towns, 

2. That the water in the superficial drift is usually very 
impure, contaioing sulphates of lime and magnesia in large 
qnanticies, and beiug frequently in towns much contaminated 
Vith organic matter. 

3. Tbe gypseous beds of marl and clay forming the upper 
p«rtof the trias group, are commonly destitute of water-atcept 
in the thin sandy partings which intervene between the layers 
of marl. Therefore, they cannot be depended on for any large 
nipply of water. For single isolated houses they commonly 
jkld a sufficient quantity but at very uncertain depths. In 

. tKtions taken across the district between the Stnfiordshiro 
ud Shropshire coal fields, the water was found standing in 
IJK wells at estremely different levels, which seemed to follow 
ioUw except that the level was generally higher in the nelgh- 
Wrhood of faults, so that the water levels appeared to dip in 
each direction from the faults. 

4. The whole of the new red sandstone is remarkably inter- 
•Mted by faults, which ate sometimes pervious by the water, 
ud sometimes oppose an impenetrable dam to its progress, 
faults of small extent which arc not filled up with clay, ap- 
fm to oppose no obstacle to the passage of water. The faults 
Id the Shiffnal and Wolverhampton district, however, t^ 
peored froui actual observation and measurement, to exert k 
nty decided influence on the height at which the water stood 
ia wells. 

The brick red sandstone beds, and also the conglomerate or 
pebble beds of the trias group, contain much more water than 







ORIGIN AND 

marli, nai appear to yield in tbe Liverpool wells i 
; quantities of water, some wella producing more t 
,500,000 gallons a dny throughout the year. The c 
sponding bvds st WokerhBiniilon, however, yield very lit 
water, the Tcttenhall well there producing only 168,000 g 
Ions n day. The poiut ivhcre this well is suuk is, howen 
460 feet above the sea, whereas the Liverpool wells are ai 
almost nt the level of the sea. In aJditiou to this, the I 
are much more sandy at Liverpool, although, probably, havi 
same geological horizon as the beds at Wolr 
ipton, The sandstone rock at Liverpool is UBually I 
kably dry in excavations, quarries, and railway cutting! 
those on the Liverpool and llanchester Railway at Ed| 
hill, &c. On the contrary, the beds ia which the Wolf 
hompton well is sunk src remarkably wet, aud exhibit a 
i0eal of moisture in all the partings and lamiuations. Thii 
Hell seen in a road cutting at Tettenhall, which e 
Bwd section of the beds sunk through in t!ie well. The dl 
Besfi of the Liverpool rock shows that the water suiks fi 
pita the sandstone, and affords a very probable reason 
ispecting to find an abundant supply in wells. The 
B the Wolverhampton beds, ou the other hand, shows ti 
Be water penetrates with extreme difficulty, and is thrown i 
■t the alternations of marl and clay, of which the strata 

fS. Where the Permian rocks are faulted agamst the ( 
fceasnres, as on the western side of the South Stafforda' 
Bfil field, and the eastern side of the Coal J3rDok Dale S 
Ke water will usually be cut off by the fault, and a well, 1 
Ver deep, will yield scarcely any water. Thus, the Goldth( 
■11 near Wolverhampton, which is sunk only about 400 yi 
But of the great fault which throws down the Per 
B the level of the coal measures, and even to that of 
Burian rocks, produces only 200,000 gallons of water pi 
b6. Where the lower arenaceous beds and conglomeu 
B the Permian groups, however, overlie and repose on i 



; coal measare», tbey wiil probably yield a Tery large supply 
I at water, as in the instance mentioned at MonkweArmouth 
tiy Professor SedgwicK and Mr. Eobcrt Stepbeuson. 



THE PAI.SOZOIC SERIES. 

It IS proposed to glance at tbe great formations coni- 
poBing tbis series in a more rapid and general manner than 
ihat nhicb bas been adopted for the mesozoic and tertiary 
groups. In this country especially, allboiigh highly im- 
portant in a geological point of view, the Palseozoic rocks 
ire mncb less ■within the range of hydraulic investigations 
than those which have hitherto been considered. With the 
wceplion of a few large towns situate on llie coal measures, 
led B still smaller number on the old red sandstone and 
SQiirian rocks, most of these old formations are without any 
Urge centres of population, and therefore do not possess the 
ame interest for the hydraulic engineer as the new red 
Miilalone and other more recent formations. It is true, 
Sanj of the older rock districts, especially tbe carboniferous 
limestone, the millstone grit, and even tbe slate rocks of the 
Silurian and Cambrian series, fornish the gathering or drainage 
pound, from which some of the largest and most important 
towns in the kingdom are in future to be furnished with 
■ Iheir supply of water. Liverpool and Manchester are both 
Id be supplied from tbe elevated region of millstone grit which 
nirrounds them. Bristol is already supplied from the 
boniferous bills of the Meudip district, and Plymouth baa 
been supplied for two hundred years from the granitic dis- 
trict of Dartmoor. Moat of the large Scottish towns. 
Edinburgh, Glasgow, and Aberdeen, already draw their water 
from drainage areas on the surface of tbe oldest rocks ir 
country. 

Principal subdivisions of tbe Palteozoic rocks below tbff 
Permian group : — 
CoalformatioH. Consisting of a series of indefinite niter- 



nations of shtdes and grits, or Eaudstones of varionft liiiiilj 
with Isyers of coal nnd iroustone, and occasioiialiy bnt ludfl 
ihin beds of limestone, thicknesB about 3000 feet. I 

MilU/one grit. Consisting sometimes of pclibly, qiuitM 
Die gritstones, find sometimes of compact fekpathic nnilj 
stones and shales, with occasionally tfaiD beds of coal (■! 
ironstone, several hundred feet in thickness; bttt is Torbd^H 
attaiuiug a thickness of 1000 feet. H 

Carboniferoui limes/one, A mass of calcareous rocks, (J^M 
sisting iu the upper and lower divisions of thin, laminat^H 
shaljr beds, sometimes with argillaceous partings, and in t^M 
centre portiou of a thick mass of nearly pure thick bedd^| 
limestones without citty partings. In Yorkshire contumn^^f 
the lower part, beds of coal. Thickness varying from 500'lH 
^ nearly 2000 feet. fl 

. Old red aaiidalone. Consisting of arenaceous con^S^f 
cfi, sandstones, and argillaceous rocks, sometimes <!0^| 
llining impure limestones aud flagstones. Exceedingly m^l 
ble m thickness, but probably uot less than 3000 fcct^| 
Derefordsbire, and still more in Devonshire. ^| 

Silurian group. Consisting of sandstones, limcstoB wB 
shales, conglomerates, and calcareous flagstones, many tbeihl 
sand feet in thickness. I 

Cambrian group or lower Silarian. Consisting of BMict- J 
stones, indurated argillaceous rocks, dark laminated limestoaHH 
fine aud coarse grained slates, &c., hIeo several thousand 1<^| 
in thickness. Below these are micaceous and chloritic sbHM 
quartz, aud other rocks in Anglesea aud Carnarvonshire. fl 

The coal formation, owing to the alternation of porous dU 
and sandstone beds with retentive strata of shales and diH 
commonly yields a moderate supply of water wherever i*i^| 
are sunk into it. The water, however, is usually of infei^l 
quolity, being often much impregnated with iron. ICfl 
doubtful, also, whether any shafit sunk iu the coal mcM^I 
would yield a suflicient quantity of water for the aupplj M 
a lai^e town ; whether, in bet, any such sbafl would jisln 



Ctta a million galloos a dar. Water is indeed often trouble- 
IDme in cool mines, and we frequeoUy hear of large quantities 
baling to be pumped out iii order to keep tbe workings 
dry. These quantities are, however, commonly quite insig- 
mScant when compared with those required for eonsamption 
fin l^e towns. It is probable that the numerous faults wbidt 
ecenr in all cool measures, and which are trequentlr filled t^ 
wiUi impeim cable matter, operate to cut off and isolate the 
Wkter bearing strata into sections of limited area ; and this 
punsion, so beueficio) to the miner, is evidently one which 
tnterferes with the supply of water to be obtained from weUs 
I n ihafts sunk for the purpose of water works. 
' The following are the principal towns in England situate on 
Uk coal formation : — 

Newcastle aad Durham in the coal field of Durham. 

Leeds, Uuddersfield, Bamslej, Botherhnm, Sheflield, Brad- | 
fcrd, Wakefield, in the Yorkshire coal field. 

Cardiff, Merthyr, Swansea, Newport, and Fontypool, in tbe 
South Wales coal field. 

Tbe millstone grit has Bcarcely any towns situate upon it, 
but is very important, especially in Lancashire and Yorkshire, 
U fomisbing the drainage area which supplies water to sereral 
of the principal towns in (he kingdom. 

Lancaster, Preston, Liverpool, Manchester, Stockport, Brad- 
tord, Leeds, and many others, are all supplied from the united 
springs and surface water of the great millstone grit forma- 
tion which constitutes the axis of what has been distinguished 
u the Penine chain of JEitgland. 

The deep, precipitous valleys of the millstone grit, the 
porous strata resting on tbe impervious hniestone shales 
wliich throw out the springs, and tbe extraordinary rain fall 
in the bleak and elevated district which it occupies, all con- 
tribute to make this a highly desirable water collecting for- 
mation. A comparatively small surface suffices for a drainage 
•tea ; the volume of drainage water is further swollen by 
■prings which usually break out at the heads and sides of 



rftlleys nliere the limestone sbale begins, and 
grooved form of the valleys g^res peculiar facilities for 
iction of embonktnents lo hold up the mater in stoi 
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The carboniferous limestone, like the millstone grifj 
equally destitute of large towns situate nithia its i 
although there arc several large towns vchicb derive their cl 
supply of nnler from the springs and streams of carboiiifero 
limestone district;*. 

The great central moss of the carboniferous limeato 
admits water very freely to pass through by means of t 
numerous fissures by which it is fractured. The upper M 
lower shales of this formation are probably not so freely p( 
meable by water. 

The phenomena of springs caused by faults filled up w 
argillaceous matter in limestone districts have beeu alren 
alluded to. These springs are very common in DerbysHii 
in the Gowcr district of South Wales, and in the district 
the Mendip hills. Copious streams of beautifully clear li 
water are constantly flowing through Leigh- upon-Mend^ 
Downhead, and other villages on the Mendip hills. "" " 
springs, which break out on Tery high ground, are usi 
caused by faults damming up the water. Nearly every n 
of carboniferous limestone in England presents examples < 
streams, and sometimes large rivers being engulphed fof ■ 
time and pursuing n subterranean course through the fisaui 
and cavities of the limestone. The river Manifold and t 
tributary, the Hamps, arc well-known examples of snbtaP 
raneau rivers in Derbyshire. Both these rivers flow fronii 
the millstone grit, and after passing over the lower limestont 
shales they become lost in caverns of the great limestone^ 
and after pursuing a subterranean course of about four n 
iu length, the two rivers, having united under ground, appe 
again near Ham as one stream, which flows in a deep clefl 4 

B rocks and joins the river Dove, near Thorpe.* 
I' * In the Peak diitrict of Derbyiture many amiU IribulariH of t| 




NATURE or SPRINGS. 

Hfibble, the Nid, and others of those rivers which rise ii 

ted monntmn district between the counties of York and 
jBoreloDd, are also subterraoean in tlic upper part of their 

t sources of the Ajr aad the Wharfe which rise near 

F Pennygent mountaiu m the western Hoorlanda 

■rkshire, are also subterranean for several miles during 

The small river Greta which rises in Yorkshire, 

rs westward to join the Lune in Lancashire, is also sub- 

: some part of its course. 

i phenomena of swallet holes and subterranean 
1 present themselves in the district of Gower and ii 
) hills. Both iu the Mendip and in Derbyshire the 
IS of stopping the swallet holes iu order to prevent the 
f the water is a regular profession, pursued hy some of 
Mt cunning and artful of the native inhabitants. Their 
I are highly valued, and are in great request in dry 
JB when every drop of water becomes valuable. Many 
!< Bubterranenn courses in hmcstonc valleys are of com- 
rely small capacity; at least there are certain points 
a at which no unusual volume of wafer cau pass. In 
laeace of this the surplus water which caunot pass off 
k subterranean channel appears at the surface, generally 
B bottom of a deep romantic valley, cleft through the 
locks which hem it in on both sides. Iu wet seasons, 
s not unusual to find a brook flowing at the 
; bottom of a valley, while, a few weeks after- 
■during a drought, the hrook may have disappeared from 
e and be confined to its subterranean channel. 
y of the springs from the carboniferous limestone are 
Snely copious, The one named after St. Winifred, at 
'Solywell, in Flintshire, mentioned by Messrs. Conybeare and 
Phillips, yields nearly seven million gallons a day. This 
Blream iu its short course to the sea, of about one mile, 
Derweat arc engulphed ia the middle limcilone rocks, and reappear in 
IB neighbourhood of Castlcton. 



turvB no less than eleven mills, three of which are j 
abreast. The springs dftiicated to St. Marv and St, 
ward, m the same neighbourhood, are almost equally copio^ 
Other celebrated springs occur at Giggleswick scar, 
road from Settle to Kirby Ix>nsdale, and at other { 
the western Moorlands of Yorkshire. 

The hot springs of Buxton and Matlock, in Derbyshire, ij 
derived from raountatu limestone, and so are the hot wati 
Qifton, ncnr Brislol. 

The old red nandstone. This formation ia chiefly d 
in Devonshire, and in the counties of Hereford, Monmoiq 
and Brecon, The principal towns are Leominster, 
Hereford, Ledbury, Uoss, Brecon, Abergavenny, Monmou 
and Newport. In Nortli Devon, Barnstaple, Iliracombe, and 
one or two smaller towns are situate on the old red sandstone! 
while, in South Devon and Cornwall, there are Fnlmouth, 
Bodmin, Tnvistock, Plymouth, and many others of less con- 
sequence. 

The scenery of the old red sandstone is characterised by 
large and massive features, as extensive plains, broad valleyi, 
and occasioually mountain masses of considerable height- I 
There have been few embankments tnade across old red . 
sandstone valleys in this country for the stor^e of water, I 
nor does the pliysical conformation of the valleys afford tte 
same facilities for this as in the millstone grit and ihifi 
districts. 

The Blternation of ai^illaceous and sandstone beds through- 
out this formation occasion the water to be held up at 
various levels, and generally throughout the districts of Here- 
fordshire Bad Monmouthshire the wells of private houses 
meet with abundant supplies of water at no great d(^^ 
There is no instance of any well being sunk in the old tad 
sandstone for the purpose of procuring any large supply of 
w&ter. 

The towns sitnate on the Siluriau and Cambrian strata of ' 

■ coimtry, and on the granitic and syenitic Ibrmationg, aie 

I 
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Bb unimportant tliat it will uot be necessary to enter into par- 
tieokrs respecting the hydrography of these groups. 



e commonest form ofnell b that sunk into a bed o^" 
tbta gravel resting on an impervious substratum of clayi 
i are the shallow surface wells found in abundauce all 
aetropolis, and such afforded, probably, at one time 
cat supply which its inhabitants vrere able to procure. 
I of this kind ate stiJ) esisting, and are still used in 
I towns whicL are Luilt on deposits of sand or gravel 
I H bed of clay. In digging such wells it is not 
T to sink down to tlie clay, but only to the deptk 
Ich the gravel or other porous stratum is saturated ; and 
I frequently found to be by no means a uniform level 
B wells which are situate rery near to each other. 
! superincumbent stratum of sand or grarel being 
y situated in a trough or depression of the clay, it may 
Bsumed, theoretically, that the basin is permanently satu- 
I below the levei of the lowest natural point at which 
a escape or flow over the edge of the basin, and 
It any given point inside the basin the water will stand 
ft certain &seA height above this level of overflow oi 
This height, again, it has been sought to deter- 
theoretically from considerations connected with the 
eability of the overlying deposit. There are many cir- 
es, however, which conspire to render theoretical 
^Mlitetions erroneous even in the most simple cases. For 
iatBnce, the surface of tiie clay basin may be very irregnlar, 
■i indeed it commonly is. It may have been trarersed by 
toeient water courses which have left ridges and hollows, 
whiles besides all this, there may have been subterranean 
tDOTements either before, at, or after the deposit of the gravel 
which may have produced rolls or ridges in the clay. Hence 



it hippeos tbaL from Dstural taus«s aloue, nparl from 
effect of other nells, it can setUoni be predicted witb 
uintT Bt ivhat height the water will be found or will ] 
mancDtly stand ia such surface wells. In all basina of 
kind the water must be conceiTed as gradually pcrcolati 
from the surface downwards towards the level at which 
con escape, sometimes flowing with comparatirc freed< 
through materials tolerably porous, aiid at other times o 
stnicted DOW by changes in the nature of those materials, ai 
now by danis and other obstacles inteqiosed by nature. 

I hare said that such wells probably furnished at one tit 
the best supply obtainable in the raetropolb ; but all tl 
13 widely altered at the present day, for since the immen 
increase of buildings the soil has become saturated with il 
purities of every description, which can scarcely fail to hi 
frightfully conUminated tbe water of all such wells. T 
churchyards of the modem Babylon, her hundreds of mil 
of aewers, her gas works, her chemical and other mannfi 
lures, whose proceeds are injurious to human life, bare 
contributed their share to the poisoning of wells which mig 
once have been nholesome, although the water could oe* 
boast of tbe freshoesa and life of deep spring water. 

The other class of wells is widely different from the fin 
and commonly yields a supply of good spring water, 
are wells sunk through an impervious material which is ib 
destitute of water, but which serves to keep down the wi 
in a porous bed lying beneath it. For instance, after sink 
through the thick mass of the London clay in the nei] 
bourhood of London, we reach a series of beds contain 
sand and gravel in such proportions as to make them rest 
permeable by water ; so that it is no uncommon thing 
sinkuig down lo, and disturbing the remarkable pebble 
which usually forms tbe basis of the Loudon day, to 
the water burst up with some violence and stand permana 
' I the well many feet higher tliaa the level from which it*! 
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The eame thing occura in sinUng throngb other hard beds 
ifiwe reaching the chalk, and, again, at the top of the 
talk the be<i of green coated flints, nhich ustialW separates 

chalk from the overlying sands, gives rise to the same 

KOomena of water bursting up. On sinking through the 

Ulk also, the chalk marl is nsnally found to keep down the 

ttr of the upper green send in a similar manner, tmd again 

1 much greater scale the gault performs the same office 

flh respect to the water of the lower green sand. 

Now in all such cases as these where a superior overlying 

Dperrions stratum has to he smik through iu order to reach 

Vater bearing stratum beneath, it is not necessary to dig 

Well to the entire depth, but after sinking down a certain 

iUance and forming a well into which the water may rise 

kiiito a reservoir, the rest of the process is simply completed 

JS boring down to the water bearing stratum by means of a 

BOall perforation varying from three or four inches up ta 

It^teen inches. Through this small perforation the water 

HU find its way up to the larger well above, from whence it 

Ufty he pumped up as required. 

lo certain favourable situations where a boring is made 
llrough an impervious stratum at a point considerably lower 
fc level than the porous district, at the line where the water 
Dtera into the earth, the water rises above the surtace, giving 
iw to the condition termed an artesian well, from their 
trtt general establishment in the French province of Artois. 
inch wells were once common iu the valley of the Thames 
ihoot Brentford, hut are not now overflowing in consequence 
>f the great number of them which have been sunk into the 
■nnie stratum. Overflowing wells are still common, however, 
>n the flat lands of Eases, about Foulness Island, &c., and also 
In the const of Lincolnshire, from Spalding to the Ilumber, 
a which part of the country they are called blow wells. 

There is some ambiguity in the name artesian ns applied 
b these wells, as it is uncertain whether it should be con- 
Bned to those which overflow, and rise above the aurface, or 



138 WKLLS AND BORINGS. 

should be applied to all wells in which the water u pn^ 
cured by boring instead of sinking. I think myself thit 
general name should be applied to all those wells in 
the water is procured by boring through a retenti?e 
to a water bearing stratum^ and the name artesian would 
for these as well as any other. Then those wells^ in wl 
the water rises above the surface, should be distinguished 
overflowing artesian wells. 

Some such distinction as this is obviously necessary, 
different persons understand different things by the 
artesian well as commonly applied, in addition to which 
wells which were once overflowing are not so now, as 
mentioned in the case of those bored in the valley of 
Thames. Such wells are of course still artesian wells, 
are no longer overflowing artesian wells. It need 
bo observed that ordina^ borings are quite distinct 
artesian wells. These are exceedingly common in such da- 
tricts as the chalk and new red sandstone, where they am 
sunk at the bottom of shallow wells or lodgments, as they an 
sometimes called, in order to increase the supply. 

For instance, in procuring the supply for Watford, whidi 
is situate on the chalk, a well or lodgment was first made 
15 feet in diameter and 33 feet in depth. A boring of 13 
inches clear diameter was then directed to be made to the 
depth of 70 feet below the bottom of the well, and this it wai 
calculated would produce 300,000 gallons per day of twenty- 
four hours. 

PUBLIC WELLS OF LIVERPOOL. 

The old works of Liverpool, from which the town has been 
supplied for many years, but which are now about to be 
abandoned in consequence of the approaching completion of 
the Rivington Pike scheme, furnish numerous examples of 
procuring water by means of borings in the bottom of wdb 
or lodges. 

For instance, the pumping station at Bootle consists of ia 
extensive lodgment about 45 feet in depth, the bottom of 
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h water of 



meat being Bboat the same leret as high 

^ titles ill the Meraey. In the bottom of this well are 

I than sixteen bore holes, some of vrhich are 600 feet 

, and these field collectirety rather more than a 

B gallons per day. From some experiments which Mr. 

nade on these bore holes, it appeared that 

; plugged up eicept one, the j-ield was 931,192 

p per day, and when the whole sixteen were opened the 

( only increased by 113,792 gnllous, from which it 

I seem that a very unnecessary outlay of money mnst 

n made in sioking so many bore holes elose together, 

veij nearly as much water was obtained from one as 

whole sixteen. When not acted on by pnmping, 

r stands iu the Bootle lodgment 22 feet in depth abore 

Ktom, but when reduced by pumping the general lerel is 

joiit 6 feet above the bottom. 
I[ Green Lane well is 165 feet in depth, the bottom being 
t63 feet below high water of spring tides in the 
and 44 feet below the old dock sill. When not 
■on by pumping, tlie water stands 147 feet aboye tba 
f of the well, but the general level during the pumping 
f about 11 feet 7 inches above the bottom. 'When Mr. 
reported in 1850, the yield of this well was 
I gallons jier day on the average. Since that time 
; of 93 feet deep has been made in the bottom of 
1, and the average yield has thereby been increased to 
i)68 gallons per day, or more than double the produce 
^ell alone. 
JWindsor well is 210 feet deep, the bottom being 37 
r high water matt in the Mersey. Tbe water when 
I on by pumping stands at a depth of 70 feet above 
Biottom, and the general level during the pumping is five 
fietj the average yield of this well in 1850 was 678,560 
gaOonB per day. A boring 214 feet deep has since been 
iDtde in the bottom which has increased the yield to 
1.020,493 gallons. 
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The large increase at Windsor and Green Lane has 
occasioned by borings which have been made since the 
of Mr. Stephenson's report. Bat, independently of 
two wells, there has been an increase in all the other 
except Water Street. The increase in the first finnr is 
to 126,862 gallons per day, and if we deduct the fidling off< 
16,920 at Water Street, we hare an increase in the 
group = 109,942 gallons per day. 

This increase, howerer, is not eonfirmed by the ol 
which were made in 1850 by Mr. Stephenson's aaaistantSy 
which a table will now be given : — 



NniMofWdluid 
Date of ObMnration. 


• 

Yield in 14 

boon at 

l>nietical 

norldng level. 


TiddinM 
ooiiie MBOccU 

inyto 
Mr. DwMsn'e 
table for 1854. 


Incxeaee. 


J 


Bootle, 1 
Jan. 3, 1850 
Bosh, \ 
March 11, 1850 / 
Soho, 1 
Jan. 16, 1850 
Hot ham Street, ' 
March, 1850 
Water Street, " 
Jan. 22, 1850 


979,944 
224,688 
547,715 
354,552 
511,488 


881^8 
252,737 
509,732 

229,201 
402,344 


• • 
28,049 

• • 

• * 

• • 


• . 

37,963 
125,351 
109,144 


2,618,387 


2,275,022 


28,049 


371,414 



So that according to this table the falling off in this group 
of five wells is 343,365 gallons per day, which may be spread ■ 
over a period of 4^ years = 76,303 gallons a year, or nearly 
2*9 per cent, per annum. 

It is true the records kept at the stations show rather an 
increase than a decrease between 1850 and 1854, but ^9 
is inconsistent with what has been observed elsewhere, and 
what has always been admitted in the case of new red sand- 
stone wells. As Mr. Stephenson's experiments in the begin- 
ning of 1850 gave a higher result than the dip books, it 
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table tliat the deliverj of the pumps had been under- 

ted at that time^ but were corrected for the future. 

I think it most ^ur to compare Mr. Stephenson's 

des^ as given in the last table with Mr. Duncan's for 

le of maximum yield of wells^ at lowest levels in the 
ting of 1850^ and the same for 1854 : — 





Maximum 










yield in 34 


MaarimBm 








hours in the 


yield in 24 


Increase. 


Decrease. 




beginning of 


houa in 1854. 








1850. 








e 


1,102,065 


1,102,000 


• • 


65 


• • 


395,983 


3*^3,984 


• • 


61,999 


■ • 


664,385 


609,528 


• • 


54,857 


am Street . 


436,692 


364,000 


• « 


72,692 


r Street 


715,550 


578,907 


■ • 


136,643 


sor . 


660,864 


1,028,000 


367,136 


. • 


1 Lane 


1,246,^16 


2,605,812 


1,356,996 


• . 



wing a considerable falling off in all except the two last^ 
ich additional borings have been made to obtain an 
«d supply of water. 

le showing the faUing off in the wells, comparing the 
quantities raised in 1849 and 1854, respectively: — 





Total water 


Total raised 




raised according 


according to 




to Mr. Stephen- 


Mr. Dimcan 




son in 1849. 


lnl854. 


• . 


329,486,250 


321,567,770 


. t 


95,433,850 


92,250,018 


. . 


168,812,589 


186,052,194 


m Street 


80,783,436 


83,658,450 


Street 


150,038,675 


146,855,645 


or 


252,922,650 


372,480,000 


Lane 


367,378,629 


880,769,922 



% 



Mr. Thomas CUrk, who was called to report t 
VDpplr of Birmingham, made iu the autumn of 1852 
CKperimentnl boring 137 feet deep, from nliicli he c 
iOO gallons per day of twenty-four hours. From 
;, and from surveys which he snys he has 
irts that a supply of 700 gallons per minute, i 
million gallons per day may be relied on from T 
recommends that 4 shafts should be funk, each S 
leter in the clear. That besides these, n puuiping sbi 
10 feet diameter la the clear, should be sunk to the d 
of 90 feet, and all the other shafts connected with it, I 
means of oval-shaped driftways or adits. He recommta 
that all the shafts be lined with 14 inch brickwork, and A 
in the bottom of each shaft a boring of 15 inches diamat 
should be made to the depth of 140 feet below the bui& 
of the ground. In each boring is to be fixed a ceatii 
pipe 12 feet in length, which is to be securely driven to 
depth of 8 feet below the bottom of each shaft. The 
of the shafts to he covered with wrought iron chequered ^ 
fixed to strung iron girders at the surface of the ground. 

In connection with the shafts he also recommends a ( 
iron tank to be erected of the following dimensions, nan 
120 feet long x GO feet wide, and 5 feet deep. The I 
to be constructed of cast-iron plates ^ inches thick n 
strong cast-iron girders, to be fi.\cd on brickwork. The 
of the tank to be covered with a light iron roof, glazed. 

The capacity of this tank would be 225,000 gallons. ' 
cost of the shafts, tank, and pumping machinery, as i 
mated by Mr. Clark, is ^£27,500. 

In September, 1854, Mr. Robert Kawliuson and Mr. K| 
Smith reported on the water supply of Birmingham, and< 
demncd in toto the project of sinking wells. 

They support their arguments bj' reference to two i 
Eunk in the new red sandstone at a considerable 



apart, namely the Pendleton Colliery near Manchester, 
the Monkweannoath Colliery uear Sunderland. They 
■ve ■- " After a depth of 000 feet vertical had been at- 
d the strata were found to be comparatively dry, and 
t had to be passed down into the workings to wnter the 
s, they were so intolerably dusty. The wnter obtained 
ne deepest points to which it was found to penetrate, was 
regnated with mineral as strongly as biine. Both these 
■ts yielded water in the upper beds to the depth of several 
idred feet. This had to be tubbed out by a casing of 

nie^ adduced as failures of wells in the new red sandstone 
I city of New York and other places in America, besides, 
this country, Manchester, Salford, Liverpool, and 'Wol- 
limnpton. 



DISTRICTS. 

The produce of the red sandstone wells at Wolverhampton 
TWy inferior to that from any of the Liverpool wells. The 
'olverhampton Water Works Company bos spent more than 
WjOOO, and for this large outlay has only obtained a supply 
' about 3/9,000 gallons a day. They have two pumping 
itahlishmenfs ; one at Tettenhall and the other at Gioldthorn 
Bll. The Tetteuhal! works consist of one main shaft 140 
Kt deep, of an oval shape 1 1 feet x 7^, besides two other 
Wlcing - shafts 5 feet diameter, and about 1100 yards of 
sidiag. This estabhshment yields only 168,000 gallons a 
tf. The GoJdthorn works consist of two shafts, each 7 feet 
iuoeter in the clear, and 300 feet deep, and 153 yards of 
lauUng, with a boring 390 feet deep at the bottom. This 
latton yields 211,000 gallons a day. 

No question can exist about the extreme impolicy of aink- 
ng this shaft. It is within a quarter of a mile of the 
;Kat fault of the coal field, so that the drainage area for 
Implying the well is extremely limited. The beds which 
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consisted chiefly of brown coloured sandstoneB and red m 
alternating all the way down, are tilted to an angle of i 
than 30°. A bed of conglomerate or indurated gravel 
passe<l through at 50 or 60 yards from the surface. ' 
bed yielded a small quantity of water at the expense oi 
the neighbouring wells, which were dried up. It app 
that the marl beds were of much greater thickness than 
sandstone beds, and it seems probable that the beds in 
sected by the shaft were not permeable water bearing I 
at all, even had they cropped out at the surface, whid 
doubtful. Again, the true water bearing beds, which i 
possibly have been reached by the boring, certainly did : 
crop out at the surface, but were cut off by the fault \ik 
also cut off all communication and drainage from the o 
field. The miserable failure of this well is therefore not to 
wondered at. 



COST OF PUMPING FROM WELLS AT LIVERPOOL. 

Taule showing the Quantity of Water raised in 1849, a»» 
Cost of Pumping at the Several Stations. 



■ 


1 ! Cost per | 




1 


■ Water used Total cost per 


annum of 




, Name of Station. 


Total water for condensingr. annum of rais- 


raising 


Watei 


1 

1 


raised. i at Windsor. 

1 


ing water. 


1 million 
gallons. 


per 




1 


£. s. d. 


£. 8. d. 




Boollc . 


329,480,250 




1445 3 3 


4 7 8 


90! 


Hush . . 


95,433,850 




716 3 5 


7 10 1 


26 


So]io 


168,812,589 




833 17 1 


4 18 9 


46 


Ilotham Street 


80,783,436 




603 4 8 


7 9 4 


22 


Water Street . 


150,038,675 




874 7 10 


5 16 6 


41 


Windsor 


252,922,650 


20,233,812 


949 3 


4 1 6 


63 


Green Lane . 


367,378,629 


• • 


920 2 7 


2 10 1 


1,0C 












j5 



The following table shows the comparatiye cost of ^^^ 
the water in 1849 and 1854. As the water at each wel 
pumped into a reservoir, the second column of the t( 
shows the Uft in feet at each well, and enables us to derive 
cost per 100 feet of hft. 
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Name of Station. 


T.iftin 
feet. 


Cost per 

million 

galls, in 

1849. 


Cost per 

million galls. 

in 1854. 


Cost per million gallons 
raised 100 feet high. 










In 1849. 


In 1854. 






£, 8. d. 


£. 8, d. 


£, 8. d. 


£, 8, d. 


Bootle . 


170 


4 7 8 


3 2 IH 


2 11 7 


1 17 


Bosh 


228 


7 10 1 


5 10 IH 


3 5 9 


2 8 8 


Soho 


247 


4 18 9 


4 6 3 


2 


1 14 11 


Hotham Street 


205 


7 9 4 


8 3 4 


3 12 10 


3 19 8 


Water Street . 


257 


5 16 6 


4 4 5f 


2 5 4 


1 12 lOi 


Vriiidflor 


287 


4 16 


2 12 


1 8 5 


18 H 


Green Lane . 


270 


2 10 1 


2 2 5f 


18 6 


15 9 



One or two facts are worthy of notice in this table, in which 
the cost includes every expense of labour, coals, oil, tallow, 
&c., but no allowance in either case for wear and tear, or de- 
preciation of engines, pumps, &c. In the first place, the only 
two stations which afford any proper guide to pumping ex- 
penses, are Windsor and Green Lane. The engines at all the 
other stations are old, and are only employed until the new 
supply is obtained by means of the Rivington Pike works. It 
^vill be observed that in 1849 the cost of raising water 100 
feet high was four times greater at Hotham Street station, than 
at Green Lane ; while, in 1854, the disproportion is still 
greater, the cost at Hotham Street being now five times 
as much as at Green Lane. So much for bad engines and 
machinery. 

The absolute cost of raising the water seems tQ have been 
reduced at all the stations since 1849, except at Hotham 
Street, where the cost is greater now than at the time of Mr. 
Stephenson's report. The diminution at all the other stations 
is due to the watchful care and supervision exercised by Mr. 
Duncan the able engineer of the corporation, whose system of 
tabulating the accounts, and keeping the chief results con- 
stantly under his own eye, cannot be too highly commended. 

The cost of raising 1,000,000 gallons, 100 feet high, at the 
East London works by various kinds of engines, is given 
below, on the authority of Mr. Wicksted. 



^^ 



ND BORINGS, ft 

Bj a lingle acting eagiinc by Boullnn mA Watt (aver- £ 

■gc of 2 jcHTs' working) 2 S S 

Two lingle (lumpLng engines U; Bonlton >nd Wut 

(«ver»ge of 10 years' working) 1 9 IC 

Tvo other tingle pumping engines, alio b; Boulton and 

Walt (average of 10 yeara working) . . ,17 1 

Bj • (ingle acting Corniah engine, erected hj Harvey 

■nd Co. (average of 4 yean' working) . . . 12 I 

COST OF PUMPING STATIONS AT LtVERl>O0L. 

'. Stephenson siiys the cost of the Windsor station wi 

■rl/ £30,000, but there is a valuable piece of land atUchi 

The Green Lane stntioD, at the time of hia report, v 

II incomplete, but had then cost upwards of £1 9,000. Th 

follotviiig are the details of tiic entire cost of this station, 

obtained from Mr. Duncan :— 

» Cost of the well 6i 
Coit of the John Holmes engine and two pumps. (ThG 
engine bas a &(l-inch cylinder, and worited on the aver- 
age in 1851 up to 61 horsc-power) . ... it 
Building engine houae, boiter house, and stand-pipe tower . tS 
Cott of tbe George Holt engine of SZ-inch cjrlinder, 
(worked (u an average of 7G borse-power during 1ES4) 
H including buildlDgs, hoilera, pumps, and fixing , . Ei 



Cost of Green Lane Station 



At the time of Mr. Stephenson's report (March, I8£ 
population of Liverpool to be supplied with water was 
'100,000, for which Mr. Stephenson estimates a quantity 
8,000,000 gallons per day, being at the rate of 20 gallons p" 
head. Tlie increase of inhabitnnts between 1S31 and ISi 
appears to have been 39-6 per cent, so that, according to ih 
rate of increase, Md Stephenson assumes the population il 
1861 will be 557,500, and the volume of water then require" 
will be increased to 1 1,150,000 gallons per day. 

Supposing a supply of only 8,000,000 gallons a day to iK 
reqaired, he estimates that as Green Lane and Windsor well 
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gether 2,000,000 gallons, or one-fourth of the re- 
tntity, six new stations should be erected equally 
I'in eyery respect with these two large ones. He es- 
"kat each of these new stations would cost ie20,000, 
[ nlthoagh the land for some of them would cost less 
n Lane and Windsor, a greater amount of engine- 
be required. 



o» THB Cost of a 


System of Wells 


FOB LiVEBPOOl.. 


hEnson tiien assniDEa 
slafls and Eteam eng 
connKt these atatio 
at Kensington . 


Bis new stations, 
ns mitiv proposed 


£120,000 
e- 

48,000 


Contidgencie 




168,000 
17,000 

Total £185,000 



ly 8,000,000 gallons, which would linve to be increased 
7,000 for the supply of 11,000,000 gallons, the quan- 
iohwillbe required at the end of about ten years. 



ialue of conceutratiou, according to Mr. Stephenson, 
I importaut in water works as in the case of some 
rihires. On the other hand, the number of stations is 
id to afford an opportunity for dispensing with dupli- 
jines. It is obrious that when several stations are at 
he failure of one will produce slight inconvenience, and 
H may always be provided in the shape of an additional 
Id be worked in case of need. 

toe, probably, no large water works with so small an 

surplns engine power as the present pumping sta- 

yirerpool, where the engines work, for the most part, 

day without intermission, and nearly up to their 

No inconvenience has, hitherto, been experienced 
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from tills, because if the engiiie at one station is oat of ordoTy 
there are six other stations from which the sopply still gam 
on. Another argument which Mr. Stqphenson giTes in favour 
of detached pumping stations, b that all the water need not 
be pumped to the highest reserroir, but that the diffeffot 
lereb of the town may be sopidied from the most scdtabk 
stations. 

ANNUAL SXPBN8B OF PUMPING STATIONS. 

Mr. Stephenson thus estimates the annual cost of ndsiiig 
1,000,000 gallons per day at Green Lane and Windsor sta^ 
tions. 

For current expenses, including superintendence . . £1,1M 
Depreciation upon engines and machinery, engine houses 

and cooling ponds, £11 1200 at 2 per cent. ... 224 

£lfiU 

At each new station he estimates the expense as follows :— 

Current expenses, including superintendence . . . J^flOO 
Depreciation upon engines and machinery, engine houses 

and cooling ponds, £12,000 at 2 per cent. ... 240 

Depreciation of mains, £8,000 at ^ per cent. ... 20 

Interest on capital, namely £30,800 at 4^ per cent. . . 1^ 

Compensation to landowners 250 



Annual cost of each new station 



£2,996 



Mr. Stephenson then gives the following table, showing the 
annual cost of obtaining from 8 to 14,000,000 gallons per day, 
estimating each of the old stations at an expense of ^1S24, 
and each of the new ones at ^2,996. 



p W.LU A»D .O..»0t V 


\ 


^..^ 


OM.,«.™. 


»„.„»«.. 


Coil n rru. 




8 MUUoii gallon* . 
IB '.'. ' 

n 
u 

13 


2 
2 
2 
2 
2 
2 
2 


6 

7 

9 
10 
U 
13 


20,S24 
23,620 
26,616 
25,612 
32,608 
35,604 
38,600 


d well or sy»iem of viella being aheadij in existence, whether 

iHltJrom the bottom, ur by tinhing new welh? 

iemieas and ingenuity. He first esplaina what is called the 
one theory in well sinking, namely, that the mass of earth 
nuned by a well may be viewed as an inserted cone, of which 
le apex is the bottom of the well, and the base is a circle at 
le surface of the ground. Also, in this cone, the sloping 
des represent the inclined surface of the water, flowing in all 
irections towards the well. 

As the pumping proceeds, the aagle formed by the sides 
Ethe cone becomes more and more obtuse, or in other words, 
U sides of the cone become less Tertical. and more nearly 
(BiiOQtal, " until" in the words of Mr. Stephenson, "an in- 
lination is established, when the friction of the water in mov- 
^ through the pores and fissures of the rock, is m equilibrium 

hat when once this condition of equiUbriura is estabhshed, all 
ttrther pumping is useless, as the water wiU simply be gra- 
ImUy lowered, until the well is exhausted ; and of course, no 

When an esisthig well is thus exhausted, three courses pre- 
*nt themselves, 1st, to deepen the well by sinking bore 
lolejat the bottom ; 2ndly, to drive adits from the bottom, 
'Bd thus increase the surface drained by the well ; and Srdly, to 
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sink a new well in another spot. Mr. Stephenson does not 
recommend the first expedient in the case of Liverpool, becaoN 
all the pubUc wells, except the Bootle, have already be^ smk 
to the level of low water mark, and he is of opinion, if the 
sandstone be as pervious as it has been proved to be, any w3^ 
tion of the depth, either by sinking or boring, would have tbe 
effect of admitting water from the Mersey, and consequentlj 
very much impairing the quality of the water. 

Mr. Stephenson next shows that the 2nd expedient, that d 
driving tunnels, so as to make what is technically called a lodges 
lodgment for the water, is principally useful where the pumpbg 
is periodical, but that it does not much increase the drainage 
area of the well. In illustration of this view he gives a diagram 
(fig. 17), which he thus describes : " Let us suppose that a well 




is sunk at A, and that it drains an area represented by the drde 
BCD E, and that a tunnel is driven from A towards D, say 
one mile in, length, and that another well is sunk at D upon 
the extremity, or upon the terminus of this tunnel. The only 
effect of this would be to increase tbe drainage area of tbe well 
A by the area F H G, together with the small triangular pieces 
shown on the figure ; whereas, instead of tbe timnel being 
driven from A to D, if the well at D had been sunk at H the 
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area drained would have been double that which was originally 
drained by A^ After Tiewing the subject in all its bearings, 
Mr. Stephenson is of opinion that increasing the number of 
wells is likely to be a more permanent source of supply than 
extensive tunnelling. At the same time he observes, that the 
latter admits of an easy mode of connecting the various sources 
of supply, and, consequently^ of concentrating the whole of the 
pumping establishments. 

It appears from the evidence given before Mr. Stephenson, 
and from the evidence in 1843 on the Liverpool Watering Bill, 
that the Windsor well, which is 210 feet in depth, affected the 
flmrounding wells to a maximum distance of a mile and three 
qioarters. 

ON THE FLUCTUATION OF LEVEL IN THE WATER OF THE 

LIVERPOOL WELLS. 

There are some interesting notes and observations made on 
this subject. A series of dip books, kept in the year 1844, 
show that in the Windsor well the water usually stood on 
Uonday morning at about 75 feet above the bottom, and on 
Saturday night at an average of about 40 feet. This effect 
of the pumping during the week appears to have continued 
^thout much variation until June, 1845, when the engine 
began to work 24 hours a-day instead of 12. The effect 
of this increased amount of pumping is, unfortunately, not 
recorded. 

In October, 1845, the engine commenced its previous mode 
of working during the day only. The levels of the water at 
this time were lb feet above the bottom on Monday mornings, 
and on Saturday nights about 32 feet. In June, 1846, when 
accurate records were again kept, the depths on Monday 
morning and Saturday evening were respectively 66 feet and 
24 feet, and these depths seem to have continued nearly the 
nme till April, 18479 at or about which period a larger pump 
ivas iq[yplied. At the end of May in this year the levels of the 
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-jT-ar^ «we leauuetiicly 39 fiect nd 
=2!iet2 mm rhia dme till Febraur, 

and stiil fbrtfaer dinh 



^ii£«« -zer became 14 feet 5 india 
^liis «tate .<t the water on Sfltnr« 
:i2r .2 aoch water was being 

^a* iraDie -t vieiding. 

--.?!i?cf. ~he appendix to the 

..uz.Jie iDLes siiowinjc the lemirk- 
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-.. :.T :'lr Thonipaon an the Lhcr- 
•-^ . ZT.I "e "Vindsor well in April of 

•w* . ^ >■ ■ ■ ^ ■ I i T « 

- : . : .— '.• : " ■ears. :he vielJ wis 

-.--.: --^r-Si .1 -1 nonths, the vield 

"• ■ ■ • •n.-r.ir^. '•Mj. made the vieW 

^■^« '^ - ■-r" T'u. ne 'e^ords oi the Dntr 

v.: tr?- "■ -.^fars the vield dixni- 

m 

- 'V- ■ '.- Ti::. ?tr mnum. 
- ■ T ::. i:r.-.;:-.:::oii tos it the rate of 1 
^ -li -n::Crr ~eid :o "je correct, at tk 

....... ^ ^ r..;.:.- "n "iio -^rjeii Lane wefli 

. . .-.- . . . -•:• - ii"v -^ "IT *ji 'it! ziocths. troiD 
• ■'. vT< r 'Iti nre :i '5 rer cent, per 
v" 'z rcsf'T-in'rcs. izd at the rate of 



.^,.-^..j-....^ ^: rr,--^^ :: jhrT the Ailing off in the 
-;■■■.. :' -T- ::.'.■!•:- T:-;.? i: Ei^ HiZ. bat as this appears to 
bf r: .r. -, t:.- vir.i::-.? :: b:re biles in the yidnity, they 
ar' r.'/* ^'*itA>/> c^s^a t^j show the gradual and general falling 
o/fjn the yuM ofnt^ red sandstone wells. 



I follairing arc the ooncliisions which Mr. Stephen 

a careful consideration of the facta vhieh he col- 



li Rbundance of water is stored up ia the nev 
me, and mtj be obtained by sinking shafts and driving 
m about the level of low water. 

bat the sandstone is generally very perTJous, admitting 
p wells drawing their supply from distuncea esceeding 

it the permeability of the sandstone ia oceasionally in- 
I with by faults or fissures filled with argillaceous 
i sometimes rendering them partially or wholly water 

tet neither by sinking, tunnelhog, or boring can the 
■ any well be very materially and permanently increased, 

o tar as the contributing area may be thereby enlarged. 
|ttt the contributing area to any given well is hmited by 

int of friction experienced by the movement of the 

Ehrough the fissures and pores of the sandstone ; and 

tat there is little or no probability of obtaining perma- 

B than about 1,000,000 or 1,200,000 gallons a 

a each well, and this mily when not interfered with by 
Other deep wella." 

CONSTRUCTION OF WELLS. 

In hard and homogeneous rocks such as elialk, the oolites, 
and new red sandstone, wells frequently do not require a lining 
of my kind, and have merely to be cscAvated to the required 
Me. The diief difficulty in hard rocks, is that blasting by 
IpiDpowder is frequently necessary, so thai the process of sink- 
tog becomes tedious and expensive. All shafts sunk in argilla- 
GKiiSi marly, and sandy strata require, however, to be lined, or 
■tmned, as it is technically called. Even in sinking through 
the harder rocks, also, partings and beds of clay and sand are 
frequeutly met with, and sometimes require a lining as much 
if the shaft were entirely in day. Yarions materials arc used for 



ing wells, and prcTeiiting the earth through which they 
k from falling in. The principal of these are brick, ttt 

Ml, while wood is only employed for temporary 
a the shafts of miues. 

'or large wells sunk iii the tertiary strata around Lou 

iiiug of one brick in thickness is frequently employed, 

t smaller wells a lining of only 4^ inches, or half a bi 

y be used. When the lining is half a brick in thicks 

is unlv one mode of laying the bricks, namely, 

kiug joint with each other. Where the work is a irl 

s built in two half-brick rings, 

itim«s the bricks are laid all as headers. Wherever 

uou statute brick is used, it is erident that all the 

il joints are lenticular, or wedge-shaped, and nererpai 

b a great inconvenience and can never make goodi 

■r iu what way the gaping space at the back of 

J bv filled up. Formerly there 

d with the excise duties, in procuring bricks of 

' lAapt thau the reg^daj- statutory rectangular fii 

* the rvpeal of thiwe duties however, bricks may, 

ce> be procured of any shape and size, and ■ 
sleimu^ wells to have ends radiating to thi 
« well. It wutild not be necessary ofconrseto 
* BBOuldc^ siiecially fur tverr parltcular well, bnt 
foruts to suit wcUs, increasing in diameter by 
» fM ii|t to lea or twelve feet iu diameter. IU( 
I vt t^ dneriptiua ue now extensively made for 
V ud Bugtkt be eniploTed with equal advantage fat ' 
eStvi a grettt superiority over the oti 

it to be <riiipli>yeil fei steituDg mst, <d c 
ve jttd)|iuieut of tiu 

uce* of each 
t w»M. stoiw or iron 

i wkHW thruu)(h Uk tcitiuT davs and Mods in 



ighbourhood of Londoa, it was formerly i 
iploy a woodea riog or curb on which b cjliudrical mass cf 
■ickwork was built. Theu the ground beneath the curb was 
mvated, and the whole mass of brickwork gradually sunk 
3 additional courses weie placed on the top of it. This 
utbod of building wells is not now so common as that of 
IjbnildiDg underneath in the fashion of underpinning. Thb 
^thod of bnilJbg underneath the already executed steining 
U described by Mr. Swindell in his Treatise on Wells and 
Suppose eight or ten feet of the well dug out, 
tcining of this first part may be built from the bottom, 
>en a further depth being escavated, it becomes neces- 
) complete the steinuig beneath the part already eie- 
This is effected by laying at the bottom of the recent 
Q three courses of brickwork in cement, and building 
r courses of ordinary brickwork upwards until the 
s filled up. The well, when completed, will then con- 
a cylinder of brickwork with occfl5ional nine-inch rings 
Kcement, and the iaterral at which these rings occur will 
a the nature of the strata, being usually in the tertiary 
1 five to twelve feet. In working through sandy 
L which alternate with clay and are frequently saturated 
■water and converted into veritable quick sands, many 
e necessary. Frequently the whole brickwork 
fa cases has to he set entirely in cement or in the best 
c mortar, and very often the steining nlready executed 
e suspended or held up in its place by iron rods at- 
H to an iron plate underneath the brickwork. Even these 
e sometimes not sufiicient, and resort must be 
) iron cylinders in lieu of brickwork. These iron cylin- 
e sometimes of wrought, and sometimes of cast iron, 
d together by means of flonches. They frequently require 
WMJderable force to drive thciii down through quicksands and 
Mher incoherent beds. Mr. Swindell says " In somewellsthat 
bvre been executed in sandy soils, cast iron curbs have been 
Inserted at intervals, each curb slung to the one above it by tie 



ToJs ; the gratel or snnd can tlien be excsTated under tbe cnr 
aa the clay can under the brickwork rings set in cement j 
carba, in fact, bearing the same relation to the cemented bridi ^ 
work in the esse of snodv soils, as tbe cemented rings dot 
the dry brickwork in clayey ground," 

Although Mr. Slepheoson, m his able report on th 
suppiv of Liverpoolj prefers the sinking of separate wellsll 
the employment of adits or drift-ways, yet the latter are a 
Iremely useful as lodges or reservoirs to store a quantity i 
water in cases when the pumps are not at work. The diil 
ways at the bottom of the well in Trafalgar Square form ■ n 
servoir capable of holding 122,000 gallons of water, andd 
storage room at the bottom of some of the Lirerpool wellal 
much greater than this. ' 

In many wells extraordinary precautions are necessaijtl 
exclude land springs and water of inferior quality, and aoaa 
times the interests of adjacent canals and of the neighbonria 
well proprietors call for such precnutions. For this puipd 
the bricknork for a considernb!c depth is sometimes set in ci 
ment or hydraulic mortar, besides being puddled or concrela 
at the back. In the well sunk by the London and Norti 
Western Company at Camden Town, there was an inner hA 
an outer steining of brickwork, the inner being 4-^ inches thid| 
and the outer 9 inches. The space between the two cylindM| 
of brickwork contained a segmental cylinder of iron, bieind 
with 9 inches of concrete. The whole thickness of the liid 
in this case, therefore, was about 2 feet. This mode of o4 
stmction was adopted to a depth of 28 feet from the sUT&4 
below which was a brick steining of 9 inches, with bondiilj 
curbs of iron at intervals.* The diameter of this well is Sj 
-.feet in the clear, and the whole of the steining is exeanted it 
hrtement. 4 

^k* Swindell on "Wella and Well Digging;" Weale's Budiaientn 



t T«ttenliall well of the Wolverhampton Waterworka 

my is fta ellipse of 11 feet by 7 feet G inches, with one 

ptt«ned. These are the diineuaioQs in the clear, inside 

ickwork. The first 1 6 feet consist of argilkceous marly 

g for the nest 4 feet into mottled sandy rock, and 

, into the soft red sandstone of tlie district. The 

< of the shaft is ateined with It inch brickwork, &!id 

t 30 feet with 9 inch brickwork. The whole of the 

; is puddled behind in order to keep out land springs, 

le water from the neighbouring wells. Where the brick- 

mmences on the top of the solid rock, an elm curb, 

s wide and A inches thick, is introduced below the 

The curb rests on a well-worked bed of white clay, 

! thick, which is laid upon the rock, and the puddle 

e steining is worked into and carried up in couuection 

Is white clay, which was procured from a coal pit near 

dcost 3s. Gil. a ton. The depth of the well is about 

od the lower lOG feet is not steined at all, the rock 

ffidently firm to stand without lining. Sereral head- 

! driven at the height of fi feet above the bottom. 

gs are of irregular size, some bemg 8 feet high, 

h as 14, and flome not more than 4 feet, The 

3 4 feet, and there are in all about 1,100 lineal 

f heading. The usual work of a man in driving the 

■s was about H cubic yards per day. 

:ei when not acted on by pumping stands about 20 
n the well. 
i Company has at Tettenhall two smaller shafts, each 3 ' 
Itmeter in the clear, which were used for air shafts and 
■uping out the water daring the sinking of the i 



b Company has also two shafts at Goldthorn on the south J 
I of WolTCrhampton. These are each 7 feet in diameter, j 
SOU feet deeo, and ate sank within a fern yards of each other. 




p 



i 






The first 12 feet consbt of argillaceous beds, and tliis 
lined with brickirork. The sbafts then poaa tbrougb & 
16 feet of the conglomerate or indurated gravel beds pecniii 
part of tbe Fermku scries, nnd this portion is not std 
strata below the conglomerate bed are argillaceous 
marly, and are lined all tbe way down to the bottom, 
beds dipped across the shaft in a westerly direction, at the 
of about 2 feet per yard. A spring occurred in the gravel 
rhieb draiued tbe neigbhouring wells. The strongest sj 
met with at a depth of 50 or 60 yards from the sur 
water fell off much towards the bottom of llie sinkiof 
here is a bore hole 130 yards deep in the bottom of 
veil. Tbe bore bole is tubed with iron 3^ inches diaineb 
the clear at top and 2J inches diameter at bottom. Th 
inch tube extends 25 yards in depth, the remainder beiii 

The first heading was driren to tbe west in the same d 
tion as the dip, and, therefore, in consequence of the i 
dip intersectiiig a great number of beds. This beading 
130 yards in length, and was driven with an inclinatirai 
wards of about 1 in 20. The principal portion of the i 
obtained by means of this heading. The other hea 
driven 23 yards to the south in the line of the strike 
entirely in one bed of rock. Neither this nor the 
!lded any water. The headings were 6 feet square, 
found necessary in places to arch the long heading with 
half-brick rings, About 32 yards in length of the i 
iding were arched where it crossed beds of marl. 



The water in this neighbourhood is met with so neai 
iuiface of the ground that it is UEual to sink a shallow wi 

;e diameter, and put down a bore hole at the bottom. 

large size of the well affords a lodgment for the water, 
9 the purpose of a small underground store resa 



k11 recently sunk at Watford for the supply of the town 
■feet in diameter, 33 fett deep, and lined with 9 inch 
ftork all laid as headers. The upper 15 feet is laid in 
It. The well is domed over with inch brickwork 
h Partlaud cement, n circular man hole S-j- feet diameter. 
Reft in the centre, and covered over with a York land* 

Kb. 

wre hole sufficient to admit r pipe of 12 inches clear 
b diameter has been made to the depth of abont 70 feet 
Bbottom of the well. A pipe of this diameter, 10 feet 
Ks inserted in the bore hole. The pipe is of galvanised 
■on, f ofan inch in thickness. It is furnished with a 
Bftt the lop, to prevent it sinking into the bore hole, and 
Kxed as to have ila upper part or flange 3 inches above 
■or of the well. 

I COST OF WELL SINKING. 

bre are so many contingencies connected with this kind 
Irk tliat we must be prepared to find great anomalies in 
Mst which hns been incurred. The comparative hard- 
If the strata to he sunk through, the frequent occurrence 
fcck sands occasioning pecaliar precautions and much 
lliture in the sinking, and the necessity for frequently 
Big out land springs, are all subjects which very materially 
Bce the expense. Most cases of well sinking require a 

■ estimate from experienced practical persons well ac- 
ped with the strata to be sunk through, aud with similar 
K Such estimates, although probably more to be dc- 
b on than any other, are frequently very erroneous, and 
b great disappointment. The following attempt to show 
■it of wells in the neighbourhood of London is founded 
be statements by Mr. Prestwich, but I have endeavoured, 
H be seen, to separate the well sinking from the boring, 

■ in certain cases deducted from the total cost, a sum equal 
■per foot, which may be taken as a fair allowance fur 
Bond tubing at the bottom of a deep well. 
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The price for the well at Reid's brewery includes the ^| 


and repair of temporary pumps during the execution of 
work, and also the cost of two new sets of permanent pun 
It will be seen from the following account of this well, ta 
from the description by Mr. Braitiiwaite, in the Proceedi 
of the Institution of Civil Engineers for 1843, that it o 

ing in the chalk was enlarged into a capacious reservoir. ; 
that a considerable extent of adit was driven at di£ferent ler 
The yield of this weU is 2 7 7,200 gaUons per day, the water bd 

more to raise it than they would liave to pay the Water Com- 
panies for a similar quantity. The depth down to tLe chtlj 
at this well is 138 feet. At the depth of 8? feet a caat-itf 
cylinder, j feet 3 inches X 3 feet 2 inches, is inserted t 
continued down to 135 feet, to within 18 inches of the l 
bed of flints iu tiie chalk. The sinking in the chalk i 
gradually increased in size as it proceeded downwards, 
at the depth of 178 feet from the surface, it was 16i- 1 

far as 202 feet below the surface. Water was found nnd 
the 2nd, 6th, 8th, and 10th beds of flints, and the tot 
supply at 202 feet was 72.000 gallons per day. At the dc 
of ]<)6 feet from the surface, the first tunnel was dii 



t, in the direction of another weL, but 'ffie 
ily increased the yield, 14,400 gallons a day. The 
of flints, at 154 feet from the surface, yielded the 
Iquaotity of water, namely, 10,800 gallons per day. 
therefore, drove a second tunnel at this 
feet high x 5 feet wide, a distance of IG feet from 
west, and then north and south for 108 feet, by 
,e obtained an increase of 54,000 gallons per day. 
being now sunk to the depth of 202 feet from 
e, it was ascertained by boring that a further sup- 
be obtained at a depth of 20 feet lower ; the shaft 
idnued 22 feet deeper, with a diameter of 7 feet, 
water was found flowing from two horizontal fis- 
the chalk without flints. At this depth two tunnels 
one to the north-west, being connected with the 
of 91 feel, by which an increase of 121,600 
day was obtained. The other tunnel was drifea 
sonth- easterly direction, and produced a fiirther 
of 28,800 gallons a day. The total quantity obtained 
iitaA and all the tunnels is about 277,200 gallons 
well being formed into a reservoir at the bottom, 
capable of holding 100,800 gallons. 
;ar8 from this account that, iu addition to the great 
■ment of the shaft in the chalk, about 110 yards of 
tadings were driven, and the cost of these could not have 
len leas than ^£550, making the cost of the shaft alone 
•nt £27 per foot vertical. 

It appears from the instances which have been quoted, that 
BmU rfiafts may be sunk in the London clay and other ter- 
iuy beds to the depth of about 200 feet, at the rate of from 
ES to j£10 a foot vertical, mcluding the steiuing and tem- 
wsty pumping when necessary. Also, that large shafts of 
10 feet diameter, or an equivalent area, may be sunk from 
00 to 300 feet deep, for the cost of ^21 to *27 per foot 
Htical. True it is that many estimates are made, and even 
Mttacts taken at nmch lower prices than this. For instance, 




I 



L the wtll at the Model Prison, which is 6 feet diameter i 
I dear tvithin the brickwork, is said to have been let 
Clark of Tottenham, at the following prices : — 
£ I. 
G7 10 fat the Urst 30 feet 

57 „ second do. 

58 10 „ Itiird do. 
GO „ (ourtli do. 



So that Mr. Clarke's price for 180 feet waa only;e372,w! 
the well which was sunk 220 feet, coat in reality ^£1,300. 

The Green Lane well nt Liverpool, which is 165 feet 
and 10 feet diameter cost ^6,600 r but this4nclades«^ 
lodgment in the hottom of the well, and nearly 100 
horing in the bottom. 

For wells in the lower new red aandstone in the neight 
hood of Wolverhampton, without steiotng, a price of 
£5 per yard has been paid for a ahafl 5 feet diameter doi 
150 feet in depth. Headings driven in the sandstone 
5 feet high and 3 feet 6 iuches wide, have cost ^10 pei 
forward. 

In the Wolverhampton Water Works Bill of last! 
the existing Company sought for powers to sink adi 
wells, with the view of increasing their supply of 
and the following was the estimate given in evidence 1 
Marten, their engineer, and Mr. Hawkesley, their con 
engineer. 

Sinking two shafte at Oaken in the red sandstone rocV, 
Bacb ISO feet deep, 100 yards at £5 . 

Standage nt bottom funning the ciilargcment neceisar? 
for Ihe lodgment of the water 

DriftwBjs 20O yarda at £4 

I'umjiiiig and suudries ...... 
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! estimate for these tujo shafts, each 150 ieet deep, is 
:wbat inconsisteut with the fact, that the Green Lane 
tie shaft at Liverpool, 185 feet deep, cost 366,600, 

; very valuable information as to the construction of 
;specially in the Dcighbourhood of London, wiU he 
i in Mr, Swindell's " Rudimentary Treatise on 'Well 
giDg and Boring." The method of constructiog wells 
I sinking curbs, and of steining in brickwork, and lining 
L cylinders, are there described in a very practical 

%ere are also some very useful observations on the most 
roved methods of boring. 

ARTESIAN WELLS. 

B chief localities in which these wells have hitherto been 
• in this country have been already described. The expense 

g them is of course much less than that of shafts. 

It. Preatwich gives soveralexarn]}lesof Artesian well borings 

e neighbourhood of London, from which their cost may be 

with tolerable accuracy. Thus, a boring of 252 

!l in depth through tertiary strata in Lombard Street, cost 

One at Water Lane, Edmonton, 66 feet deep in ter- 

j Strata, cost sfilS ; one at "Waltham Abbey, through 90 

It of tertiary strata, cost f 10; one at Wigborough iu Essex, 

I 300 feet of tertiary strata, cost about ^120; and 

■ at Mitcham, through 1 90 feet of tertiary strata and 21 

rtof chalk, cost ^100, From these esaraples, it appears 

tlbe cost of boring up to 100 feet in tertiary strata, does 

;eed 4s. per foot. For depths between 100 and 200 

itt, the price seems to vary from 6s. to 10«. per foot, and 

ind 300, from 10s. to ]0«. per foot. 

A deep boring sunk at Loughton, in Esses, through 535 

t, of which 324 were in tertiary strata, and the remaining 

hi in ehalk, cost ^£750 or nearly 30^. a foot. 

|)lr. Clarke's price for boring in tertiary strata, at the 

B of a well 180 feet deep at the Model Prison, was 45». 
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ainlBlied, till at the depth of 576 feet it waa only 

j "lA'rouglit iron tubes were first used to prevent the 

3 -with sand, but these have been replaced by 

The tuhea commence with a diameter of 12^ 

I gradually diminishes till the fifth tube, which ia 

Ameter at a depth of 1,148 feet. A sixth tube 

1,345 feet, with a diameter of Sj inches; a. 

I 1,771 feet, with a diameter of Gf inches, The 

of the bore is not tubed. Aceordiug to nn 

• Cttnttitutiounel, 4th of March, 1841, the yield of 

I 880,387 gallons m 24 hours. The water is said 

t st first to a height of G5 feet ahore the surface, 

■ktemeut appears doubtful. The temperature of the 

prding to Sir John Robison, m 1843, was 82i° 

K of the water m the United Mines, m Cornwall, 

ri,,770 feet deep, being 02^ Fahr. ; and the highest 

lempeiature of water in these mines being 96°. 

ring at Kisseugen, in Bavaria, 1,878 feet deep in 

Istone, is said to have cost ^l),6G6. The expenae 

lOrings in chalk of about 1,000 feet deep seems to 

, about ^£3,000 ; but there are several instances of 

r work. For instance, Jlr. Prestwich states 

luzee, has lately much reduced the expense of 

* tiie use of steam power, and by the introduction of 

[e has lately contracted to bore an artesian 

KHj to the depth of 1,080 feet, through the lower 

■ and oolitic rocks, including expenses of every 

M. DegouzeS has also constructed three arte- 

a different parts of France, to an average depth of 

i feet, at a cost, including tubes and all expenses, of 

Bsei,OO0. Shallovrer borings dovra to 600 feet have 

n France, at ft rate varying from 5j. to 20«. per 

E one of QGfi feet, chiefly in green sand and gault, 

^316. Messrs. Degouzei! and Laurent, of Paris, under- 

)Ore to the depth of 200 English feet for about 36120, 

1 1,000 feet deep for ^600. . 
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BORING MACHINE aT. 



I BORING MACHINERY. 

The method, sometimes used on the Continent, of boring tj 
means of a rope in place of n horing-rod, was well described ij 
51. Jobard in liis report on the Paris Exhibition of 1840. < 

For perforating hard rock, a boring head, termed the mat 
ton or ram is nsed. Tliis is a cylinder of east-irou, commod] 
about 8 inches in diameter and 39 inches ta length, wcag^q 
from one to three cwt. The upper part of the cylin^^^^f 
lowed in a conical form, and the sides are fluted so d^^^f 
the broken debris of the rock to pass up and l^^^^l 
hollow conical top. Tlie moufon is attached to t^^^^^l 
means of wrought-iron handles, which are double, i^^^^| 
should break, The lower part of the mmiton is pH^^^I 
receive a number of hluut-pointed steel chisels, which ^fflM 
secured to it. There are several nays of giring motion to 9 
rope which works the mouton. One of these is by means efl 
long plank, placed obliquely about VI or 15 feet above the bj 
hole. The nioufoR is suspended about 15 or 20 inches fifl 
the bottom, and is made to fall through a height of 2 to 3 fl 
about 25 to 30 times in a minute. The dust or powder read 
ing from the cutting action of the steel chisels would soon, if* 
moistened, impede the action of the tool by deadening the hlofl 
If, therefore, no water be naturally present, it must be m 
plied, and then the sort of liquid mud thus formed rise« 
spouts up through the fluted openings in the mouton, fl 
enters the hollow cone at the top. When it is obserrecCa 
the workmen at the surface that the tool has gone dowasj 
eutly to fill the cone the mouton is withdrawn, and is then fod 
to be filled commonly with a hard conical mass, the resnlH 
several hours' working. I 

The Chinese nre said to have bored Buecessfullj with the wm 
ton alone to the depth of l.SOOfeet. This is quite possible 
the strata be hard and solid throughout ; hut if they consist! 
sand, gravel, wet clay, or of sach material as requires tubia 
the movton is not applicable alone, but requires to be replaca 



r vrliat the French cbII the emporte-piice, or shell pump, as 



The emporle-piiee is 
D Talvea, turning 
ig upwards. This cylin- 
and cHused to penetrate 
)re described, and which 



has since been termed in Englar 
jllmder fitted at its base with two 
■ the diameter as a binge, and open 
er is lowered down to the bottijin, 
w a blow from the moutoa or ram bt 

a thus employed, is of course without its cutting chisels, 

is merely a hollow cast-iron cylinder, weighing abont three 

The ram having an opening through it longitudinally, 

metallic rod attached to the emporte-piece. When 

fcgone np a few feet it is stopped by a projection, and 

is down on the emporte-piice ; which latter sinks down 

f blow, and at the same time allows the semi-fluid mud 

'\ up through its valves. When drawn up, the space 

(he Talves is found to be filled with a cylindrical lump of 

less indurated. 

e strata which require tobiog, it is of course necessary 

te boring tool which passes through the tube should be 

b of making a hole larger than the external diameter of 

e itself. The form ofmouton employed in France for 

s called the allezoir or instrument for enlarging, 

e contnTance is sufficiently ingenious. Instead of the 

b being suspended from the rope in. a truly central axis, 

bspended somewhat on one side of the centre, so that on 

wered the steel cutters or chisels strike obliquely, and 

»TBte a hole of larger diameter than the mouton itself. 

mton when employed to act through tubiog, has a coni- 

tptacle for the mud, like the one first described, There 

(eral minute points to be attended to in working with 

wring tools, such as the degree of torsion to be given to 

;, and the proper time for drawing up the fiumton, so 

B working be not too much impeded by friction. These 

^ts which the workmen are soon enabled to master after 

p practice. This method of boring is much used in 

I, Saxony, and other parts of the Continent. The mou- 

t not expensive, one of throe cwt. costing only about 
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1 HACBtlTKXT. 

Th«T can be made and repaired bj the 



O plait's EARTB-BOKrNG 
MACHINERV. 

The BiTBngemeiit which has just been described, has I 
Bomcnhat modified by Messrs, Mather and Piatt, of S 
Iron Works, Manchester, The boring head employed by t 
consiats of a wrought-iron bar, ahout 8 feet long, c 
part of vbich is fitted a block of ctist-iron ia wkidil 
ckisds or cutters are firmly fixed. There is no conical i 
or other contrivance in this boring-head for containitig i 
of the loosened matter, as in the French machiues ; but, « 
the boring-head has been in action for some time, and 
diiaeU have loosened and broken tip a certain qiianti 
dfliria, the boring-head is rnispil and another contrivance, I 
the ehell pump, is lowered, in order to rwse the dibri*. 
niventioD of Messrs. Mather and Piatt, therefore, consisl 
sentially of two parts, the boring-head and the shell p 
sometimes called the shidge pump, both of these being p 
actioa by the power of steam. One great adyantage in Hi 
Matber and Piatt's niachinery is the rapidity with wM 
executes the work. The makers state (hat the r 
capable of boring in chalk at the rate of 18 inches per ] 
At this rate the machine wil! execute a boring of 15 b 
diameter at the ilepfh of 1,000 feet. They also state, tl 
the red sandstone rock of Cheshire, I.ancaEhire, and the a 
cent counties (hey can bore at (he rate of 12 inches anl 
This result has, in fact, been considerably exceeded, t 
experimental trial of the boring machine, which has re 
been made at the Salford Iran Works, Manchester, 
machine there executed a bore hole of 1 5 inches to the depfl? 
2I2feetin 141 honrs, principally through hard sandstones, M 
grit stones, such as are quarried at Chester forgrindstones. Ttff 
WBsat the rate of 18 inches perhonr, under theobvionsdisadrao- 
tsge of working only an hour or two each day. Had the macliine 
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I eontanuously^ its performance would doubtleM hare 
lucb greater. Messrs. Mather and Piatt annouiioe the 
ly of the machine to form artesian and other wdb 
3 feet in diameter^ through strata fd the hardest de* 
on, and to a depth of 3,000 feet if required. 



TEMPERATURE OF WIEJAJB. 

d springs, according to Mr. Bnutfawaite, 
perature of 52^, and water in wells 600 leet d^j^ is 
f 52"" or 53^ He has imdeistood that flue Uw/j^m^ 
icreases 1° for ererj 65 feet after a eertain deftiL 
i water in the artesian well at Grendik^ 1794 feet diaep^ 
temperature of 82° or 82f Fahr. (Sb Jdb» tMSamm 
[r. William Cubitt). 

! highest temperature reeoided m 'Oae vsSiad sufnes tif 
all, which are 1770 feet deep, wm 5KP Falv. (Ifr. 

•)• 

) temperature is not inrajiahle in nufies even at thi^ 
lepth ; for instaneev ^i^- Fok lonnd is his exftcnfoe-sitt^ 
rt* of 7th meeting of Bn6sk AmftatiMm) tbirt: «t tl«^ 
of 1740 feet, where the lode was fuwt readhad m ta^^ 
cut, the te mp er at ure a£ tiie snuter was V2% hut ^%p^ 
ding along the same crons cut at 10 ^idionis itntu *\^ 
be temperature decreased to ^<$^ aikd «t ^ fiiii^M%9u^ 

; it was 85^-3. Mr. Fox's expcnaDcsitf sifffw n^i \^ 

of 1° of temperature in 4^ fe* ealeiUttU^ ff^«c *-i«^ 

heat of the water s undouhiUrdhr hAwfui^k^ l^^- -^^ 
as the mines in Nordi Wak«^ itiugmt^ uuint. tuiz 
as those of Cofiiwall, are modi eacdesr. 
making obfierraiaans on the ieiD}#efafture <A w:^^^! 
>rtant to observY 1^ depUj n: wiueii iMr i^ai^ «&«-- , 
from the wfgko^ \fw»xmt k will ti^ ^cfmsnt^. v^ ^"Cla.^^ 
ing with adier water JB 'dtfr well iM- vuTtfi^ M^f' if ^^ - 
me tiase m. fiir wi^ Ae aidist wjli «sahM^Srii^ ip^ ^'^:k^«^ . 
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influence. Mr. Clarke, the experienced well sinker of Tot! 
lam, SBjs he found wnter, taken from the bottom of a well ^ 
feet deep nt St. Alban's, was 4° warmer than that which w 
commonly pumped from the 

water from the bottom of Barclay's brewery well, 367 feet dc^ 
IB 3° wnrmer than at the water lerel in the same well. 
Local causes somelimes influence the temperature of j 



which are occasionally found n 
greater depth. 



t the surface than 



THE CORKtSH I 

for which wi 



ON THE YIELD OP V 

Amongst the raluable infor 
dehted to the reports of the Cornish engines, must I 
tioned the records which give the average quantity o 
pumped in every month from each of the r 
evidently information of great importance and iuterea^ 
bearing on the subject of supplies from wells and shal 
should receive the greatest attention from engineers n 
considering the question of new supplies from these Boni 
ftnd with the view of extending this information b 
wider range of readers, the following tables have been d 
I pled from Leon's "Historical Statement of the Steam 1 
1 gioes in Cornwall," The maximum and minimum qnanS 
of water are here given during a period of five j 
about forty mines, together with the depth of each l 
and the month in which the greatest and least quantity W 
pumped. 



FROM THE CORNISH MINES. 
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YEAR 1833. 





Extreme 

Depth in 

feet below 

adit. 


Maximum 


Minimum 


Month 


Month 




quantity 


quantity 


in which 


in which 


OF MINE. 


per minute 
m imperial 


per minute, 
in imperial 


maximum 
was 


minimum 
was 


r- 


gallons. 


gallons. 


pumped. 


pumped. 


• • • 


- 


17 


14 


Dec. 


Jan. 


»ng 


528 


66 


23 


Dec. 


Aug. 


dden . 


258 








• 


Consols 


834 


100 


67 


May 


Oct. 


*rovidence 












)arlington 


474 


1146 


906 


Mar. 


June 


a . 


420 


2180 


928 


Mar. 


Oct. 


/^irgin . 


360 




■ 






^eeds . 












^ork . 


810 


492 


250 


Mar. 


Oct. 


/or 


1356 


1063 


693 


Mar. 


Sep. 


Downs . 


960 


2101 


1131 


Mar. 


Oct. 


1 . 


660 


190 


118 


Mar. 


Nov. 


oskear . 


492 










.oskear . 


546 










h , 


1260 


362 


184 


Mar. 


Sep. 


• • • 


720 






• 




leal Crofty . 




677 


173 


Mar. 


Nov. 


['olgus . 


780 


634 


432 


Mar. 


Oct. 


$eauchamp . 


660 


322 


190 


Mar. 


Oct. 


r^heal Towan . 


420 






• 




' Downs 


336 


723 


348 


Apr. 


Nov. 


fewel 


792 










damsel . 


1038 


75 


61 


Apr. 


Nov. 


JnityWood . 


600 


591 


303 


Mar. 


Oct. 


• • • 


882 


1100 


541 


Apr. 


Nov. 


Mines . 


924 










latd Mines 


1572 


2707 


1777 


Mar. 


Nov. 


Prudence 


468 


130 


120 


May 


Oct. 


t. George 


516 


489 


359 


Feb. 


Oct. 


-.eisure . 


684 




512 


Mar. 


Oct. 


'6 . . . 

lock 


360 


239 


146 


Feb. 


Oct. 


h . 


300 


1034 


572 


Feb. 


Nov. 


-own U. Mines 












innis 


756 


840 


396 


Mar. 


Nov. 


ke. 


888 


1561 


592 


Mar. 


Nov. 


t . 


384 


117 


62 


May 


Oct. 


Consols . 


804 
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TEAK 1834 










Dyata 


M-A™ 


lli>I.» 


HoDlb 


Kutt 


MAUB OF MINE. ' 


eg! 


e3 


^■■toh_ 








gauS^ 


P.^ 


P«"f 


Lci«nt 




23 


17 


Not. 


Jm 


ESX : 


&!B 


69 


24 


Jul 




2&B 




10 


Feb. 




St. Ito Gonial) 


834 


187 


41 


Fdh 




md Pro.id«nce 












Whed DirUngton 


474 


1342 


8S3 


Fab. 




Mtruioii . . 


420 


1040 




Feb. 


(Ml 


WheilVi^n . 


360 


172 


73 


Dec 




me-lLeed. . 












GrMt Work . 


810 


399 


256 


Feb. 


Oib. 


Wbeil Vor 


13&G 


1161 


730 


ftb. 


Dm 


Biniwr Downi . 


«60 


MIS 




Jan. 


(M. 


RcUitiaa . 


660 


189 


127 


Jan. 


J^ 


Vanh Rnkctr . 


492 




117 


Jan. 


mi. 


South Rotkor . 


fi4G 




112 


Jan. 


Dm. 


Dolcoith . 


1260 


370 


163 


Feb. 


N«t; 


TiQCroft . 


720 










East Wheal Crofij 




645 


109 


Feb. 


Dee. 


WLpoIToIsus 


780 


461 


208 


Jan. 


Ott 


Wheal l!c.ii.o)mnip 


G60 


393 


108 


Feb. 


Dee. 


South WLienlTuHao 


420 










Cardrevt Uowus 


336 


703 


263 


Feb. 


IM. 


Wheal Jewel . 


792 


106 


29 


Jan. 


Nn. 


Wheal Damiel . 


1038 


B6 


34 


May 


Dee. 


Wheal Unity Wood 


600 


502 


212 


Jan. 


Dee. 


Poldice . 


882 










United MInei . 


924 


1183 


643 


Feb. 


Oet 




1572 


1791 


1418 


Feb. 


Aag. 


Wheal Prudence 


468 


137 


133 


Hat. 


a4 


Great St. George 


516 


881 


559 


Jan. 


tZ 


WbealLeiiure . 


684 


828 


521 


Jan. 


Dee. 


Bryn Tye . 












Boche Rock 


360 


304 


200 


Mar. 


Jaly 


Polgooth , 


300 


1124 


571 


Feb. 


Dei 














Eaat Crinnis . 


756 


837 


499 


Feb. 


Oct 


Pemhroke 


8S8 


962 


430 


Feb. 


KOT. 


Lanescot . 


381 


122 


53 


Jan. 


Dee. 


Fowey Consols . 


804 




204 


Feb. 


Dee. 
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YEAR 1835. 





Extreme 

Depth in 

feet below 

adit. 


Maximum 


Minimum 


Month 


Month 




quantity 


quantity 


in which 


in which 


«£ OF MINE. 


per minute 
in imperial 


per minute, 
in imperial 


maximum 
was 


minimum 
was 




gallons. 


gallons. 


pumped. 


pumped. 


at . • . 




39 


31 


Sep. 


May 


-Dong 


528 


43 


20 


Nov. . 


Apr. 


iswidden . 


258 


16 


10 


Nov. 


Jan. 


ves Consols 


834 


135 


111 


Dec. 


Feb. 


al ProTidenoe 




113 


93 


Dec. 


Sep. 


al Darlington 


474 


1040 


805 


Dec. 


Oct. 


izion . 


420 


442 


263 


Dec. 


Feb. 


fll Virgin . 


360 


249 


170 


Nov. 


Oct. 


al Leeds 












it Work 


810 










tal Vor 


1356 










ler Downs . 


960 


1196 


661 


Dec. 


May 


stian . 


660 


139 


112 


Mar. 


Aug. 


h Roskear . 


492 


147 




Dec. 


Apr. 


h Roskear . 


546 


126 


115 


Dec. 


Sep. 


x>ath . 


1260 


351 


161 


Dec. 


Sep. 


;roft . 


720 










; Wheal Crofty . 




193 


104 


Dec. 


Oct. 


!al Tolgus . 


780 


787 


559 


Dec. 


Oct. 


ial Bcauchamp . 


660 


295 


171 


Dec. 


Sep. 


:h Wheal Towan . 


420 


142 


27 


Dec. 


June 


Irew Downs 


336 


315 


171 


Dec. 


Apr. 


•al Jewel 


792 


88 


40 


Dec. 


Jan. 


!al Damsel . 


1038 


61 


54 


Oct. 


Jan. 


;al Unity Wood . 


600 


394 


220 


Dec. 


Jan. 


lice . . . 


882 


589 


288 


June 


Nov. 


ted Mines . 


924 










sohdated Mines . 


1572 


1488 


1330 


Apr. 


Oct. 


eal Prudence 


468 


135 


124 


Dec. 


Mar. 


at St. George 


516 


699 


499 


Dec. 


Oct, 


eal Leisure . 


684 


981 


519 


Dec. 


Jan. 


n Tye . 












he Rock 


360 


330 


183 


Mar. 


Sep. 


j;ooth . 


300 


1056 


582 


Nov. 


Jan. 


xlestown U. Mines 




252 


112 


Nov. 


May 


t Crinnis 


756 


890 


455 


Dec. 


Oct. 


obroke . 


888 


719 


475 


May 


Sep. 


lescot . 


384 


86 


53 


Dec. 


Oct. 


rey Consols . 


804 


295 


199 


Dec. 


Sep. 



From a careful esaminntion of the n 
qtunticies, and tlie mojiths in niiich the^e 



I m 



he vidi 
eiiiiiiet| 



preceding tables, it appears tbat on the average of fit^ 
years the months stand in the foUon'ing order (^larcli beiia 
the one in which the greatest quantity is pumped, and Aug 
the least) : March, February, April, January, December, I 
November, June, September, July, October, August. 

It further appears that some of the mines yield double ■ 
much water in certain months as they do in others, !» 
that the maximum quantity is more commonly about i 
per cent in excess of the minimum. The variation from n 
to year, however, b much more considerable, and there ■ 
many instances where the highest yield is four times as id 
as the minimum yield in some other year. Thero a 
remarkniile cases, namely, the Maraziou Mine and Cardn 
I, where the maximum is seven or eight times as g 
I as the minimum. 

With reference to quantity it must be admitted the y 

18 generally small considering the great depth of the a 

There are few whose masiujum quantity exceeds 2000 galleiB 

a minute, or 2,8SO.00O gallons m 2-1 hours, and even in tlicKJ 

the lowest yield is occasioniilly much less. The facts v\aA!i 

1 developed in these tables show forcibly the great uDcn>< 

1 tainty of wells as a source of supply, and are well worth tin 

[ attentive consideration of those who arc investigating tht 

F Mthject of wells as a permanent and reliable source of supply 

I for towns. 

The remarkable falling off in some mines is also ie» 
I'irg of notice. Thus the Marazion Mine yielded, 
■tnonth of March, IB33, no less than 2180 gallot 
f -whereas m February, 1835, it yielded only 263 gaUon 
r minute, or less (hail ^th of the former quantity. What ffOlfl 
r be the position of a town depending on a well Itiie this JbrSj 

Bopply of water, that supply being calculated perhaps 
i maximum, or at least on an average yield ? The largest tf 
tity raised from Marazion Mine in 1635, was 442 galloB 
mate, or about ^th part of the maTdmam in 1833. 
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WATER PDHPSD 


It appears, then, that m the year 1 854, the largest quantity of water was pumped iu February, tW 
anuary was next in order, and March the third. From March till November the quautiiy seems to 
lare diminished during each successive month, reaching its minimum in November, nnd iheuce increas 
Jig through December and January. 

The reader will observe ihe small quantity of water pumped from some of these deep mines, a 
Botallack and Gustavus. The former, I2(>5 feet deep, yields less thna 60,000 gallons a day, aud th 
latter, 588 feet deep, j-ields less than 90.000 gallons a day. 
The following is a similar table to the last, showing the average quantity pumped iu each month o 
855, from the mines reported in Browne's " Engine Keporter." 

AVKRAGE aUANTITY IN GALLONS PER MINUTE. 
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FROM THE CORNISH MINES. ISl 

appears that in 1855, the largest quantity of water was 
I in April, and that the months stand in the following 
, when arranged according to the quantity pumped in 
April, March, January, Decemher, June, July, Feb- 
, November, September, August, October, and May. 



PING MACHINEKY FOR RAISING 
WATER. 



:e pumps nsED in ■water wobks. 

sommonly u^d for raising water from wells 
J divided into two classes, lifting pumps and forcing 
ps. ^ 

he lifting pumps may be again subdivided into two va- 
es ; namely, those with a hollow piston, and those with a 
1 or plunger piston, 
. Lifting pumps with a hollow pistou, called also atnios- 

hia variety, in its simplest form, consists of the following 
\s : — a cylinder or tube, in w bich is fixed a valve opening 
'ards, and above which works a piston provided vrith a 
e, also opening upwards. Tlie part of the cylinder ia 
ch the piston works is called the body of the pump, and 
he only part which need be bored with any great accuracy. 
! top of the cylinder may be opened or closed, it matters 
which, but somewhere above tlie level to which the pis- 
ascends there must be an orifice for diflcbarging the 

he action of the common atmospheric pump is so ^mple, 
ia so well known to every school boy, that it will be un- 
asary here to dwell upon it. The cylinder is made of 
BUS materials, as wood, iron, copper, and frequently the 
T part below the fixed valve is a mere leather hose, far- 
ed with a straiuer at its lower extremity. The fised 
Bin this kind of pump must be placed at such a level 
the depth from it to the surface of the water in the 
ist never exceed the height of a columi 



which will bftUnce the stmoapheric pressure or weight of ibt 
Atmosphere. This weight ia measured in the barometer by m 
coluroo of mercury, which varies in different parts of tl 
world, and at different attitudes, from 28 to 31 inches. Tha 
an atmospheric pump at the level of the sea may have i 
fixed ralve several feet higher than a similar pump workii 
on the top of a high mountain. The height at which tl 
mercury stands in a barometer at any given place affords, 
fact, a tolerably practical measure of the height to whii 
water will rise in a vacuum when pressed by the exten 
atmosphere. Thus, in theory, where the mercury stands : 
the tube of a barometer at a height of 30 inches, thesucieri 
fixed valve of an atmospheric pump may be placed ; 
above the surface of water in a well. In practice, howerc 
owing to imperfection of materials, fluctuations of level ii 
water, and other causes, this difference of level is 
and should not really exceed 21 or 28 feet. In shallow wi 
therefore, which are not more than about 27 feet in de 
the part of the cyhnder or pump above the fixed valve n 
never exceed tlic length of the stroke or space through whi 
the piston works. In deep wells the ascending part of i 
cylinder above the body of the pump in which the piat 
works, may be, theoretically, of any height. There i 
difficulties, however, connected with the valves in i 
moveablB piston, which render it inconveciient to ha 
the lift in this kind of pump much more than 100 fe« 
"Whatever be the height of the column of water above il 
moveable piston, it is evident that the absolute weight of du| 
whole column has to be lifted at each stroke of the piston 
and for this reason atmos((beric pumps, which are worked 1r 
hand, have scarcely any of the pump above the piston, M 
otherwise the weiglit of wnter to be lifted at each strob 
would be too great for the power to be applied. This, prae 
tically, Umits the height to which water can be raised froB 
wells, by common atmospheric pumpa worked by hand, to abo 
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ttp ■wellsj however, when pumps are worked by Lorse 

. power, this objection does not apply, and if the 

(be aafiicient to mise at etkcb stroke the whole colui 

s above the piston, the lengtli of tlie eyliuder above this 

) only limited by the practical considerations before 

;o in connection with the valves. 

lould be observed that the common atmospheric pump 

Dever used in water works for the purpose of 

, LiAing pumps with a solid or plunger piston. 

s variety of pump there is the barrel or body of the 

I which the piston works, and two fixed valves. Beneath 

^er of these is the descending pipe, which goes down 

; water of the well, and which is frequently, but very 

lerly, called the suction pipe. Above the upper fixed 

cending pipe going up to the top of the well. 

Bending and descending pipes are sometimes in the 

tical line, and sometimes uot. The pump barrel is 

a little on one aide, and has a communication with the 

ing pipe near the top of the pump barrel, and imme- 

(above the lower fixed valve. It has also a commani- 

with the ascending pipe below the upper fixed valve. 

hpoaitionand general arrangement of these various parts 

much better understood from fig, 18 than from any 

L description. This woodcut represents a lining pmnp 

|. soUd piston, as used at the mifie of Euelgoat. It 

beted by M.. Juncker, au able French engiuecr, and the 

s reduced from a drawing in M. Combes' work on 

s puinp raises the water to the height of 508 feet, and 
■ intended to raise it to a further height of 24() feet, or in 
Ul 754, when the mine shall have reached this depth. In 
^.\B A is the body of the pump in which works the aohd 
l^ston B. The body of the pump is bored and turned true 
* "Trailc de reiploitation des Mines," par M. Cii, Combea, Li^> 
Dominique Avungo e( Cic, 1846. 
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fc^most perfect manner, and is quite open at the bottom. 
ILe pistaa rod, which works through a stuffing bos in 
T of the pump body. D is the passage communicating 
kn the body of the pump and the valve chest. S is 
e chest, in which are fived the two \alves Fund G. 
I ascending tube, going up to the top of the shaft, 
1 the descending pipe, going down to the water at the 
i action of this pump will be readily imderstood. 
B the piston at the bottom of its stroke in the posi- 
fcepresented in fig. 18, the body A filled with water, 
9 the other pipes also filled with water, as they are ia 
iinary working of the pmnp. This being the state of 
, the pistou rises and lifts the volume of water resting 
I forcing it through the passage D into the valve chest 
1 thence throngh the valve F into the ascending pipe 
e rise of the piston, the water can only pass 
I way, and can by no means get tlirough the valve G 
! this only opens upvrarda, so that the pressure of the 
■instead of opening it only closes it tighter, When the 
I is raised to the top of its stroke it begins to descend, 
a vacuum behind it, into which the water left in 
e chest immediately passes in addition to some from 
'. I, which is pressed on by the external atmosphere, 
\ obedience to a natural law rises throngh the valve 
ftfills up the body of the pump. The piston is now at 
1 of its stroke, all the pipes being full of water 
B 1)efore, when the same process is again and again re- 
ted. 

The upper part of the valve chest fits into an enlarge- 
I meat of the ascending pipe H, and is fitted with a leather 
■ collar, screwed down, and kept in its place by a copper 
I ling. Tlie leather collar presses against the interior of the 
I enlarged part of H, and admits of the upper part of the 
I vilve chest being raised in order to examine the valveH. 
I Vhen this is to be done the llange a a is to be unscrewed. 

niali side pipe bed, which is provided with stop 
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cocks, establishes a communication between the asccDding 
descending pipes, and between these aiid the ralre c 
This arrangeraent ia necessary for the pnrpoae of filling 
descending pipe with water, when the working of the p 
has been discontinued for any length of time, and to | 
the shocks and damage nhich are ofl;en experienced when 
pump is first set to work in consequence of the coufineif 
compressed in the valve chest between the two valves. 
When tlie pump ia to be put in action, the stop c 
'h e d are opened, and a communication made between 
|ripc above the valve f and the descending pipe /. The la 
as well as the body of the pump A is then filled nith 
water which descends from the pipe H. The air contains 
the descending pipe / passes up through thv valve 
escapes by a small orifice e, which ia closed by a 

water issuing from the orifice gives notice' 
pump body and the descending pipe are entirely filled 
/ ia a small side valve fitted lo the descending pipe, 
loaded with a weight equal to about the pressure of 
atmosphere, or about 14ll)s. per square inch. This i 
is placed just above the surface of water in the well, 
indicates wbetlier the valve G is m proper order; for if 
^alve G does not shut properly the pressure of the Wi 
trhicb is raised during the up-stroke of the piston is tn 
mitted to the column of water contained in the deacend 
pipe, and this pressure immediately causes the valve f 

By means of the same valve / also, it can he ascertu 
the upper valve F elosea properly. For this purpose 
1 must he slopped and the valve chest put in comn 
n with the descendiiig pi]ie by opening the stop c 
le small pipe c d. Then, if the valve F closes ia; 
', the water from H will come through it and fill 
rending pipe /, raising the valve /. This effect will 
not take place unless the foot valve jj is in ord« 
lich can be readily ascertained. These checks i 
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arfect working of the pump are excellent, and hare been 
Ictive of great ecoDomy. 

s in this pump are entirely metallic, and nithout 

cather or hemp packing. They are conical in form, 
I carefully turned and fitted to a correspundiag conical 



e Talves and scats a 



mposed of the following alloy : 



8,'i to 88 parts of copper. 
4 to 6 parts of tin. 
4 to 6 parts of tend and zinc. 

valves hold water very perfectly and close with tnuch 

■ readiness and accuracy than any form of leather valve. 
T states that the loss of water in this pump is only 

irtieth of that due to the diameter and stroke of the 

This form of valve, however, is now superseded, in 

fol the large pumping establish ments in England, by 

ind West's double beat valve, which will be described 

Piiture page. 

1. 19 represents a front elevation of the pumps in i 
ihall well of the Wolverhampton Water Works, and fig. 
presents a side elevation of the same. This may be 

■ as a good example of the most approved practice, being 
Int work executed by Mr. Wicksteed and Mr, Homersham 
^ the last few years. 

:he air pipes which descend into the water, and 
ribrated at the bottom with small openings to exclude 
I, sand, and other impurities. JS B are the pump barrels, 
h of which works a solid plunger piston in the same man- 
1 the Huelgont pumps, represented in fig. 1 8. The 
plungers are 13 inches diameter, with a 10 feet stroke. C C 
w« the rising pipes of 13 inches inside diameter. D Dare 
tJle valve chests containing the valves at the top of the air 
Ppe, which open and close the communication between the 
iMter and the body of the pump. E E axe the ralve chests 
containing the valves at the base of the rising pipes, which •■ 




M. 



^ 



i II ^ 

Scale 1 mch — B feet 
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md dose the conmiuuicatioa betwecD these and the 
r the pump. It will be observed that these are lifting 
, precisely on the same principle as that shown in 
two vakes here, however, are not inclosed in 
i chest, but in separate ones. There is i 
jifiFerence in the arrangement of the several parts, 
! seen more partieularij from an inspection of the two 
Eons, figs. 19 and 20, and from the plan of the well, 
Hg. 21. 




fig. 21. In the Huelgoat pump the ascending pipe is direcd}^ 
Orer, und has the same axis as the air pipe, the body of the I 
pump being on one side. In the Tettenhall pnmps, on th 
' other hand, the three parts are arranged in plan almost a 
in equilateral triangle, one apes being occupied by the ai 
pipe, another hy the body of the pump, and the third by ■ 
llie rising pipe. This nil! be more clearly seen from fig. 21, 
in which the three principal parts are rejiresented by tha I 
MOe letters as in the cleTations. Each of the pnmps i 
■orked by what is called a forty horse-power non- condensing I 
"gine, by Kaje, of Bury. 



i 



The shape of ihe well is sn irregnlar ovaJ, 1 1 feet ii 

largest diameter, and 7i feel across. A A are the \ 

lower pipes, 18 incites diameter, which dip into the n 

Kl2£ are the pamp barrels, ivith n 13 inch planger I 

!'« 10 feet stroke. C C are the rising pipes, 13 incht 

meter inside. Each of the two pumps delirers 5C ( 

stroke, niid makes four or five strokes ] 

e engine is capable of vrorking the pumps at 

{ twelve strokes per minute, and as each pump ra 

■er stroke, each would raise in twenty-four 1 

X 24 X 60 = 967,6h0, or nearly a million g 

I This is no doubt what the pumps were intended I 

I but, unfortunately, (he well does not yield the 

I quantity of water ; the engine can only make ahout 3 

I ■trokes a day, and works only one pump, so that the q 

I ndsed is only 3000 x 55 = 168,000 gallons a day. 1 

mplojed are a pair of forty horse-power each, h 

Kaye, of Bury. The cylinders are 36 inches diameter, c 

the present consumption of coal is IJ tons a day of b 

Staffordshire eoal for raising IG8,000 gallons to the I 

n standpipe, the extreme lift being 320 feet. This ( 

requires the exercise of about eleveu horse-power dor 

whole twenty-four hours, so that the consumption 

3360 lbs. 
IE equal to „ . . . = more than 16 lbs. per horse-po 

per hour. 

The duty of the engine, computed in the Cornish i 

for I cwt. of coal will be 

11)8,000x3; 



= 17,920,000 lbs. raised I 
foot high by 1 cwt. of coal. 

The pump rods consist of whole balks of timber, 
about 18 feet long and 12 inches square, united to each 0l 
with flush scarf joints plated with iron. The single pieo 
balk forming each pump rod do not meet in the ce; 
are connected by outside balks of similar scantling ai 
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lei long. These outside connectuig Lalks overlap the 

■ balk. foTming the piunp rod rather more than 4 feet 
icli enil, BO that a space of 14 feet is left between tlie 
:ing ends of the pump rod ia the centre. In this 
■al space is fixed tlie contrivance for adjusting the length 
le pump rod, rendered necessary by variations of tem- 
tare, &c. 

he ■Wolverhamplon Company's engine, at Goidthom, 
ips from a well 300 feet deep into a reservoir close by. 
s is a Cornish engine of serenty horse-power, with an 8 feet 
ke Eind -45 inch cylinder, working a 15 inch pump and lift- 
forty-eight gallons at each stroke. Number of strokes 
00 in twenty-four hours ; consumption of coal twenty- 
ee cwt. ; quantity of water raised in twenty-four hours 
flO X 48 = 211,200 gallona ; lift 300 feet. The duty of 

■ engine is soiaewhat better than that of the Tettenhall, 



21 1,200 X 300 X 



=•07,547,826 



23 
nused oue foot high by the consumption of one cwt, of 



Another kind, frequently used in Waterworks for raising 
Iter, ia of the description called force pumps, with a solid 
hmger piston, which works through an air-tight stuffing bos 
i Ibe cover of the pump barrel. Pumps of this kind, when 
Aedfor raising water from wells, consist of the same principal 
krte as the hfting pump, namely: — 1st, The air-pipe below 
be barrel or body of the pump. 2ndly, The barrel in which 
rorka the solid plunger or piston i and third, the rising or 
acending main pipe above the pump body. The air-pipe 
lips aeveral feet into the water to be pumped, and is usually 
Perforated at the bottom with graall holes, which, while they 
Wely admit the water, serve to exclude sand, mud, gravel, 
Lod other impurities wliich might otherwise find their vay ii 
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This air-pipe is provided at the top with a Talre opening 
wards and fixed somewhere between the level of water in the 
and the body of the pump. The body of the pump is 
rally a few inches longer than the stroke as it is called, 
longer than the cylinder of iron which constitutes the 
piston. The body of the pump is either placed immedi 
over the air-pipe, in which case the upper ascending pipe is 
little on one side, or the pump body is placed on one side, i| 
which case the upper ascending pipe may be in the soj 
vertical line as the air-pipe. The pump barrel does not i«i 
quire to be turned or bored, as the plunger does not fill ■ 
the whole space ; and, in fact, it is usual for the pump banq 
to be an inch or so more in diameter than the plunger. Til 
office of the plunger, which is raised by the depression of 
piston in the steam cylinder, is merely to force up the 
which has risen through the valve in the air-pipe. The up] 
ascending main or pipe is merely composed of certain I 
of cast-iron, united by flange joints, and at its lower extre 
is provided with a valve also opening upwards, to prevent the 
water which has been forced into the pipe from returning ti 
the bottom of the well. 

Fig. 22 is a section of a force pump with solid plunger 
piston, such as is commonly used for raising water from wells. 
Here A is the air-pipe, B is the solid plunger piston shown 
near the bottom of its stroke, C is the ascending pipe going 
to the top of the well, B is the lower valve chest, and E tha 
upper valve chest. The valves are Harvey and West's patent 
double beat; that in J^ should have been shown open in conse- 
quence of the descent of the piston having forced up the watei 
and raised it into that position. For the same reason th( 
valve in D is shown closed, and now sustains the whole pres- 
sure of the column in C, 

Let us now examine the action of the pump. The plunge 
is raised by the pressure of the steam on the piston in th> 
steam cylinder, and as the covei of the pump barrel throogl 
which it works is perfectly ait ti^ht, no air can pass in froa 
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From vhat has been explnined about the rise of 
tlirougli the lower valve in D, it will at once be seei 
the pump would Dot act if the length of the air pipe 
ceeds the height of a column of water, equal to the 
of the atmosjihere pressing on the same base. Ii 
words, the rnlre at the top of the air-pipe must not 
higher than the corresponding valve in theatmosphei 
The foot vnlve, or lowest fised valve, in water works 
mining pumps, is usually placed in practice much nean 
the water level than in ordinary hand pumps, oflen 
a few feet above the water level. 

The engines employed to work the pumps for nu 
water ont of wells are essentially the same as those empli 
in water works for raising water from rivers or storage 
Bervoirs into high service reservoirs, and over stand 
for forcing it through a (rain of pipes. 

A description of the steam engines wilt be given under 
general bead of pumping apparatus, where also the nh 
used in the pumps of modern water works will be described^, 

PUMPING APPARATUS USED IN RAISING WATER. FOK 
8DPPI.y OP TOWNS. 

Some account of the pumps used in raising water { 
wells will also apply to this part of the subject, as 
pumps used in that kind of work contain the addition ( 
rising main to the ordinary parts of a pump. In the prei 
iirtiL'le we shall treat only of the pumps used for raismg m 
from the level of the earth to a still greater height. Vfei 
also briefly describe the kind of engines usually employed 
pumping in water works, whether for raising water from n 
or for pumping it from the surface of the ground into i 
vated reservoirs, for throwing it to the top of stand pipes, 
forcing it through trains of pipes. 

The same kind of pumping engine is applicable to 
kind of work, and therefore may be most conveniently 
crihed under the general head of engines. 

The tiro principal varieties of steam engiaes used for pu 
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purposes, are condensing low pressure engines, conde 
h pressure engines, and ordinary non- condensing 1 

The first and third rarietics are not extensively used in 
dern water works, and are being very generally superseded 
the condensing high pressure engines, working expansively 
the Cumish principle. 

lat. Low jtretaure condensing engines. — This form is 
aally made on the pattern of Boultou and Watts' single 
^g engine. There is little or no expansion of the steam 

the cyhnder, although the steam is usually cut off when 
e piston has made from J to ^ of the stroke, in order to 
event the danger of breakage from the piston striking the 
ittom part of the cylinder. This kind of engine is usually 
iplied to work a lifting pump, as at the East London Water 
'otka, but is also sometimes used for working a plunger pole, 
■ at the Birmingham Water Works. When working a lifting 
unp, the steam being admitted at the top of the cyhnder, 
ipieases the steam piston and raises the solid pump piston, 
liich is attached to the other extremity of the beam. The 
imp rod is only loaded with a suificient weight to oyercome 
Ktion, to raise the steam piston, and cause the pump piston 

descend to the bottom of the pump barrel. The engine 
'iug single acting, only raises water by means of the down 
»ke in the steam cylinder, corresponding with the up 
roke in the pump. The condensing low pressure engine at 
e East London Water Works, which is a single acting 
igiae, by Boultou and Watt, has been described in great de- 
iiby Mr, Wicksteed, who has published Tahiable plates of 
lU engine, and of the first Cornish engine which was erected 
t the work of pumping in the metropolis. The Boulton and 
'^slt engine has a steam cylinder of 60 inches, the piston 
wingaEtrokeof7'91 feet, and making Upstrokes per minute; 
* diameter of the pump is 27-| inches, and that of the pump 
tM bchcs, the stroke being /'<)1 feet, the same as that of 
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Llie pbton in the slenm cylinder. The water is imtA lOJj 
frMhigh. 
~ The power of ihe etitrine is thus calculated bv Mr. ¥ict- 
He first fiods the load on the pistou in this manner. 
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The boilers of this engine are of the form called w 
headed, aod the pressure of the steam in the boilers is 
17 or 1 8 lbs., its pressure in the cylinder being about lOjH* 
The duly or useful effect of this eugine, according to a gn*' 
number of experiments tried by Mr. 'Wicksteed, was eqiuJ •" 
47,718,084 lbs. lit\ed one foot high by the consumption of' 
1 cwt, of the best Welsh coal. This, ns will he seen hereaileq 
is less than half the duty performed by the Cornisii engii3<H 
nt the same works and with the same coals. ] 

Fig.23 is an elevation showing the arrangement of the *^ 
pipe, and the pump in the well as worked by this engine. ^ 
is the air-pipe, B the body of the pump, in which works • 
solid plunger piston, C is a blank pipe supporting the upra 
Tshe box. I> is the pump rod, "and En counterbalance, o3<S 
sisting of moTeable cast-iron weights. Fk the air vessel iiijj 
which the water is discharged by the pump. The *^ 
usutdly stands in the air vessel, within 8 feet of the t^ ^ 
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Bg. 23. 




in this npper part serving to ei[iinli3e tbe 

tf the water in the main pipe. G, H arc Ihe valve 

s the main pipe through which (he water 

'tlie supply of the district. K Kis the pump wdL 

usual surface of the water. 
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The single acUog Boulton and Watt engine has been 
plied with perfect success in pumping at the Birmiiigl 
Water Works. The absolute lift of water here is 252 i 
being considerably greater than at any of the London wo 
and the pressure is further increased by friction in the pipe 
about 285. Two lioulton and Watt engines have lately b 
erected at these works, each with 10 feet stroke and 72 i 
cylinders. Each engine works a jilunger pump 23 ioc 
diameter and with 10 feet stroke. The weight of water 
be ruscd at each stroke is equal to 51411 lbs., or rather m 
than 22 tons; but the total weight upon the plunger reqid 
to OTcrconie tlic load upon the air pump, the friction of] 
engine, and to maintain a velocity of 10 strokes perminat* 
nearly '26^ tons, which is equal to 142 lbs. per square if 
upon the area of the 23 inch plunger, and !4j lbs, upon* 
steam piston. According to llr. Wicksteed's mode of cal 
Inting the power of this engine, the weight of the column 
water would be used to represent the resistance ; while, ai 
ing to others, the whole resistance of 2f>i tons would be 
Thus, according to Mr. Wieksteed, the power would be 

'"■""<'°'"'' = 155l..r..,; 

330(JO 

but, according to the other mode, the power will be 



i 



^t2i^?l£iil0jLli = i8O horses nearly. 

33000 ■' 



These engines pump into an air veasel of 7 feet 
imeter, and 18 feet high, or 15 high above the ddin 
branch into the main; and it is replenished with air b 
separate small pump of 6 inches diameter, and 3 feet 6 inc 

An excellent description of these engines was lately read 
Mr. Garland of the Soho works, before the Institution of S 
chanical Engineers at Birmingham, and as this descripli 
contains many particulars which have not been preyioi^y I 
ticed with respect to pumping engines, we have thought 
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I present the principBl part of tbe details as 
tSarland ; — 
Bts have steam-cases, and are enclosed in a cover- 
hving an oittside casing of wood, to prevent the 
[neat ; and the top of the cylinder and upper 
ivered in a similar manner. 

1 Tolve, equilibrium valve, and exhaustion valve, 
ind 18 inches in diameter respectively, and of the 
I congtruction, by which the principal part of the 
It the common conical valve is subject to is removed. 
I governor valve is made of the single conical form, 
ceasity for making this valve upon the 
t principle), and it is regulated by a screw and 
le. 

i on these engines is a variable one to the extent 
;e of the dead level of the upper reservoir, and 
mt of friction of water in transitu j and it some- 
pppens that the water is being drawn off faster than 
ine supplies it, and the velocity of the water beyond 
lie great draught occurs is consequently decreased, and 
stance proportionably diminished, 
irevent any accident to the engine by going out too 
Y m coQsequence of this diminished resistance, a 
valve is placed between the upper and lower nozzle, 
he pipe comraunicoting vrith the top and bottom of the 
BRhich is regulated in its ojiening by a screw and wheel 
B& by contracting the passage, or, in other words, i 
^^B the equiUbrium, the equalisation of pressure I 
^B top and bottom of the cylinder is more slowly I 
^■lig the time the plunger is descending, to the extent I 
Hla in excess of the diminished resistance. In these I 
^B valve has been found of invaluable service, and iti 
^ft)ld the plunger at the top of the stroke. It act^ 
Hb putting on a break to a crane when lowering ^t 
^faiout absorbing any power or causing any disturbH 
Bvorking of the engines. ^^M 
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The opening of the Bleam bijection and udianstioD tsIw 
reguUted t>v a catarnct, nnd the epeed of the engine a t) 
under the control of tbc engine man. The equilibrium ri 
is opnied by quadrant catches, and is dependent upon clot 
of the exhaustion valTe; the former being opened upon 
closing of llie latter, and shut in the usual 
upon the plog rod. 

The injection ralve is also made upon the double beat pri 
eiplc, to Tender the strain upon the exhaustion valve spm& 
Utile as possible, by relieving it of all unnecessajy pree 
the underside of it being open to the condenser. 

Ill the event of the bursting of any pipe in the main, 
the resistance to the plunger being suddenly removed, a d 
is fixed upon the plug roil to prevent the repetition of a 
spou the spriog beams by the catch pins. This detent c 
a upon the engine making more than its usual h 
f working stroke, by holding the steam handle down, 
IS preventing the opening of the steam valve. This a^ 
to the hand gear, though it may never be brought into ( 
tion from such an occurrence, would, evidently, be of 
value in such a case. 

The air pump is of ^4 inches diameter and 5 feet stri 

and the condenser of similar capacity. The air pamp 

is fitted with a brass annular or ring valve, and the delil 

_.«nd foot valves are of the usual construction, or what 

nmed flap valves. A vacuum is obtained varying from 

9 inches, according to the state of the atmosphere. EaiAi 

; has its separate condenser cistern formed of cast-i 

' which is supplied by a cold water pump of 13^ inches dii 

trad making 5 feet stroke. The feed pump is of 6^ 

diameter and 2 feet 6 inches stroke, fitted with 

The plunger of the main pump is, as before stated, 23 

diameter, and of the same length of stroke as the steam ; 

TO., 10 feet. The suction valves and delivery valves 

^L.jpunip are of the double-beat kind, and fitted in pairs : 

^Mpurpose of giving additional secority to the action of the pi 



apoH I 



^«nd 
■term. 

Heine 



leerent of one of tkctu sticl^iug or becoming aihe 

T TBSsel is 7 feet internal diameter nud 18 feet bigb^ 
■ ttet high above the delivery branch into the mtua, and it 
^nished with air hy a separate pump of G inches diamfr-- 
il 3 feet 6 inches strote. An air-coek is fixed upon the 
a pipe of this pumji, by whicli the necessary quantity oC 
■be supplied is regulated. Thia cock oiily reqtures to hft 
fiy open, and when closed entirely tlie pump lifts wates- 

r-vessel is of great importance, as by its equidisi^ 

■ the motiou of water in the mains is rendered continuous,- 

ght, in consequence, 13 required to give the ne^ 

y Telocit^ to the descent of the plunger in the ouc-dooff 

At the top oi tbe pump plunger is fixed the pola- 

t, containing the necessary weights to overcome the load or 

1, as before stated, is equal nith the plunger and 

A to about 26^ tons. 

Cpon the first dehvery I'ipe joining the air vessel is fixed a 
I adcty discharge valve, 6 inches diameter, londed by a lever and, 
I "eight, a little above the pressure upon the main, to prevent 
I uny undue force being thrown upon the pump from the accl- 
I dtntal shutting of the sluice cocks between the engines an^- 
I 1^ town, 

a lever or working beam is 30 feet long, ctkst in twa 
pkeseach of 3 inches in thickness, and the deptli of it in tha 
iidddle is 6 feet, and at the ends 2;| feet. Each of the plnra- 
Ots blocks has saddles of cast-iron between them, and wood«)> 
tpring beams 30 inches deep aud 20 inches wide. 

It moy be interesting to state that the quantity of water 
lifted by every stroke of each engine is equal to 180 gallons, 
[ ur 1,800 gaUons per minute, and 108,000 gallons per hottti 
m^hing upwards of 463 tons lifted in each hour. 

Mr. Garland further stated, in explanation of his paper, tliat 
the pressure of steam was about 12 lbs, per square inch in 

tond that it wtis cut oS at one-third of the stroke, 




PUMPING MACHINERY 

ndiiig tiiroiigh the remainiDg two-thirdB. The actual du 
It heeu ascertained, because the fuel used consisted 
sttttTordshire amnll coal or slack. The emporatiTe islue 
this, as compared with the best Welsh coal (which is k 
monlv used in tesling the dnty of a pump engine), has u 

I en Bscertnined. He stated, id answer to a questio 
lall pump bad been found necessary to replenish the I 
nel. It is certniii, however, that there are many ir 
mir vessels attached to pumping engines in London and d 
ttn, without the addition of any such pump to supply £ 
TeB«el. 
Mr. Cooper, who waapresentat the discussion which folloi 
Mr. Garland's paper, expressed an opinion, that it was pi 
ferable to make a punipiiig engine double acting on the buck 
and plunger piaii, with the plunger half the area of t 
bucket, so as to pump half the water iu the up stroke, ai 
half in the down stroke, thus enabling an engine aod pump 
half the size to do the same work ; also to add a crank ondl 
wheel, and work at a higher speed, which further reduced t 
size aud cost of engine and pump. Mr. Cooper mentioned an I 
6ta:ice of some works where there were four 150 horse pon 
engines working very satisfactorily on this plan from laf 
21 strokes per minute, with 7 feet length of stroke. But i 
considered tbe horizontal engine, with direct acting pump K 
crank, was the most advantageous and economical, when t 
water to be pumped was near the engine bouse floor. 

Double acting condensing engines are also occasionallj el 
ployed for pumpuig, and so also are direct acting 
working without a beam, the steam cylinder being p 
directly over the barrel of the pump. 

In many of the American water works, as at Pittshi 
Alleghany, and Detroit, high pressure non-con den sing eogii 
are uaed for pumping. The work of these, however, does 
appear to be very satisfactory, as a recent report on the wi 
works of these cities gives the duty performed by the pui 
ing cnguiea there. The steam ia generated by means of wo 
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Value of whicli for eraporating purposes, ss c 
bitmniuoas coal, ia well known by the American engineers, 
le following table shows the duty of several of these high 
(ure non-condensiog engines, from a recent report of the 
leer of the Detroit Water Works, reduced to the English 
lard of lbs., raised one foot high by the consumption of 
t. of coal. 

lurgh Upper Wfller Works Eaginss, date IS53 . 19,9J1,600 

Ditto, Lower works 19,112,576 

hsaydty 19,226,700 

«t 17,397,856 

1 Cincinnati and other towns, there are both kinds of ea- 
i; namely, condensing and non- condensing high pressure 
nes. This practice of adopting both kinds is worthy of 
ition. The ordinary and regular work is assigned to a 
lensing double acting engine, working expansively like our 
lish engines ; and the duplicate engine employed for occa- 
[J work, and to serve ui case of emergency, is a high 
sure non-condensing engine, with much smaller cylinder 
I the other. This girea the advantage of great economy 
le regular continuous working of the condensing engine, 
as the high pressure engine is much cheaper to erect, it 
B a considerable sum in the first outlay. Mr, McAlpine, 
lebrated American hydraulic engineer, has adopted this 
lod in most of his recent works, as in Brooklyn, Albany, 
:ago, and other places. 

Iius, at Alban}', where two million gallons have to be raised 
' to ft height of I5(! feet, and another million to a height 
38 feet, exclusive of friction, Mr. McAlpine proposes & 
ile-Bction cooUensing Cornish engine for the regular pump- 
Tork, with a duplicate non- condensing engine as a reserve. 
lie Cornish engine, to have a 58-inch cylinder 12 feet 
:e, and to be worked at 10 double strokes a minute — Steam 
lUer 30 lbs. per inch ; ditto in cylinder, effective pressure 
The non-condensing engine to be made horizontal. 
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length Strokes 

Then 55693-6 x 10 x 8 = 4,455,648 lbs. lifted 



for each stroke per minute. 



This is the power at which the engine actually \raiks, 
according to the Cornish method of estimating horse poi 
an 80 inch cylinder engine would be capable of working i 
ler power than this. The Cornish mnkers luui 

iBtruct their engines of this size, capable of working nil 
"pressure equivalent to 15 lbs. per square inch acting 1 
formly on the piston, and the effective velocity of the 
taken at 110 feet per minute, which is equal to tl da< 
strokes of 10 feet each per minute. Hence the power of 
engine would be 
■qiurc ins. area of lbs. pies- Velocity 



piBloa-nid. square iQch, 



110 



■ 33,000 

This engine, when making 8 strokes per minute, lifls < 
cubic feet per minute, or 5,940,000 gallons in 24 h« 
When making 1 1 strokes per minute, the quantity would 

t 8,1 67,500 gaUons in '24 hours. 
[ Fig. 24 is the eleyation of the forcing plunger pump wor 
pj this engine, showing also the pumping well and the sti 
|npe. A is the wind bore or air pipe of the pump, B ia 
main pump barrel or pole case, C is the plunger pole, D is 
lower, and E the upper \alve box, F is the delivery pipe I* 
ing to the stand pipe G ; .fl" is the pumping well to which 
Iftter ia conveyed by a culvert from the settling 
jUterbeds, and a i is the level of the water in the well, 



/' 



209 



le otaumcy working of Cornish engines the steam is 
n the Ijoilers to ft pressure A'aryiug from 35 to 50 lbs, 
iiare inch, and is cut off from the cyliaUer after the 
has passed tlirough a distance varj-ing from one-tenth 
third of the stroke. It has been observed that the 
fmany large pumping eagines in Cornwall has been very 
fhen they were first erected, and that the duty after- 
fell off. _Mr. Wickateed explains and accounts for thia 
ing, that at first the mine is not deep, and the engine is 
1 far below her full power, consequently the steam is 
when the piston liaa performed ouly a very small part 
stroke. In proportion as the mine beeomes deeper so 
le work required from the engine increase, so that the 
ion of the steam is not carried to the some extent, and 
ty falls off. 

Wieksteed made some very interesting experiments in 
rnish engine at the East London Water Works, which, 
3t other things, show the effect of expansion at different 
if the stroke. 

B, when the steam was cut off at -j^ of the stroke, the 
pf the engine with 112 lbs. of Welsh coal of the aaiiie 
as used in Cornwall was 76-7 million lbs., and when 
am was cut off at ^-g of the stroke the duty amounted 
■7 milhon. These experiments were made in the moat 
manner, and extended OTer a period of several weeks, 
lese experiments the steam pressure in the boilers varied 
to 52 ibs., the pressure in the cylinder before cutting 
steam varied from 15 to 30 lbs. per square inch, and 
?an pressure of the steam on the piston varied from 
to 15-54 fts. p q n h 

large amount fdj ptdll Cmh pumping 
! Las given n t d 1 t d n w thin the 

1- years. Wl n M ^^ k t d h t t d Cornwall 
years ago fo th p p 1 am ng th ugtnes, 
id one of the g n a th F w j 1 dat d mines 

iduty of e3,00O 000 fl- w h a h h 1 f al. The 
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freight pf the Cornish bushel of coals wns at first siippowt 
le 84 lbs., but was since more accurately ascertained t 
94 tbs. Hence the duty of this cngioe was at that time 
nearly 100,000,000 lbs. for 1 cwt. of coal. This duty '. 
mux been considerably eiceeJcd, but Mr. Wicksteed aatisf 
himself from the enquiries and obserTntions he was then 
mnke, that the Cornish engine woidd effect a saving of 
two-thirds of the coals if used for pumping by the Lond 
Water Companies. In addition to the use of high pres 
Meam and the pracliee of cutting it off and working it ei 
'-(ively, the Coruisb engines differ from the Boulton and 
engines in the following particidars. 

1st. The boilers are not waggon shaped but cylindrical, 
iug in most cases an internal tube traversing the boiler 
tudiiially. 

3nd. The boiler, the cyliuder, and steam pipes are 
jtletely cased with non-conducting material, every preo 
Iwing taken to prevent radiation of heat. The conseqne 
that the engine rctom is at all times perfectly cool, and 
little heat is lost, even when the engine has to stand atS 
several hours. 

3rd. The steam and exhausting valves, as well 
pipes leading to the condenser, are of very large capacityj 
the valves arc capable of being opened with great facill^ 
consequence of which they are worked with much less 
tioii of strength than in other engines. 

4tb. The length of the stroke is greater and the noml 
strokes per minute fewer than in other engines. 

5th. The engine man possesses the most perfect pon 
regulate the number of strokes, by means of the cati 
Mr. Wicksteed observes, that this contrivance is 
applicable to engines for water works, where the denuQJ 
water increases every year, and where the power most in 
in proportion. 

Glh. The Cornish engine, being put up at first of g 
power than is actually required, say to work at first with 
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)ne-sixth part of the stroke, will contiuttc to be 
an increase of work much longer than any other | 
if engine, because an increase of power will be obtained, 
y working steam of higher pressure, and by allowing the 
Rto act on the piston, through a greater proportion of the | 
1 of stroke. In this way the expense of additional 
taigiue power may be longer deferred wiien the Cornish 
p is nsed. 

I other adrantagea which Mr. Wiekateed enumerates, 
l> chiefly reference to the pumps being worked by solid 
inger piatona, and with an improved form of ralvea. These 
Idvantages, however, are not confined to the adoption of the 
Cornish engine, as the plunger pump with solid piston is fre- 
■{neatly worked by the Boulton and Watt single acting engine, 
I The celebrated double beat Talves of Messrs. Harvey and 
pVest, which are used so generally in the pumps worked by 
Cornish engines, are equally applicable, both to lifting pumpa 
isd forcing pumps worked by other kinds of engines. 

In both liftiug pumps and force pumps there must he 
M least two fixed valves. Although, of course, these valves 
Open and close, they are called fixed, in contradistinction to the 
%ilve which is placed in the moveable piston of the common 
Mmospheric pump. The seating of the valves, however, or 
the part on which they close when shut down, ia the only part 
tint is really fixed and immoveable. The two kinds of valves 
ibrmerly uaed for pumps in water works were called " butterfly 
tilves" and conical valves. The first kind was so named, 
from a fancied resemblance to the wings of a butterfly, the 
fiive being composed of two semicircular disks, hinged to the 
Wdog along the diameter of the semicircle. The conical 
'nWe was of metal, both the valve and the seating being a 
'Uely turned and fitted to a true conical form. This kind of I 
nilve is shown in the section of pumps employed in the mine . 
ofHuelgoat (fig, 18). 
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Both the corneal and the batterfly fomi of yalve, how( 
have been entirely si^>er8eded by Harrey and West's 
double beat valve, which is now almost invariably used in 
large pnmps. 

The seating of this valve consists of a circolar ring^ on 
the lower part of the valve closes or beats as it is called, 
of a circular plate of somewhat less diameter than the 
and on the outer edge of which the upper part of the vali 
beats — hence the name double beat voire. Figs. 25 and 2( 



iBi 



m 




\T I ^ 



I 



Fig. 26. 




are respectively an elevation and section of the seating. In 
these figures a is the circular ring on which the base of the valve 
beats, and b is the circular plate on which the upper part of 
the valve beats, c is a cylinder cast upon the seat and turned 
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icdy trae, so as to form a guide for the valve to work 
i and keep it in its place, and e^ is a cap bolted on the 
^er to ^;op the upward motion of the valve and prevent 
>ni rising too high. 

le valve itself may he described as a sort of double 
der one within the other, fuming one piece entirely open 
e bottom and partly so at the top. Figs. 27, 28, and 29, 

Fig. 27. 




Fig. 28. 




Fig. 29. 
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are a plan, elevation, and section of the Tihre; eeeue 
openings in the top of the yalre ; /is the part which mnbi 
and works on the qrlinder e. ^ is the upper ring which 
on the phtte b, and h is the lower ring of the valve, which 
on the lower part of the seat a. The actual beats t i, (fig. 
on which the parts of the valve rest when dosed, are eit 
formed by a raised ridge cast or wrought upon the seat, 
faced or turned true, or are formed by introducing into 
grooves, cast in the seat, a ring of wooden wedges or of 
metal, the top surface in either case being faced or turned 
to receive the valve. The patentees prefer wood or soft mc 
for the beatmg surfaces. The two rings ^ and A must also 
faced or turned true, so as to fit accurately to the 
surfaces when closed, k shows the part of the valve 
is exposed to the pressure of the atmosphere, or to the 
created by the motion of the piston, according as the vahei^ 
the lowest or the highest in the pump. This area most be 
such a size, that the pressure acting on it will overcome 
weight of the valve, and cause it to rise. Figs. 30 and 31' 

Rg. 30. 




are two sections of the valve and seat, the former showing the 
valve closed and the latter open, the arrows marking the i 
course taken by the water passing through the valve. Figs, j 
25 to 31, inclusive, are drawn on a scale of 1 inch to 2 feet. J 




ETeat adiantages of thia 'Mihe over tlie old forniB c 
J and conical valves, are the following — 1st, as the 
Ptbe Talve eTposed to the pressure of the column of 
r to the action of the piston upon it= return stroke, is 
bsiderablj less ihan in any other form of ralve, the blow and 
bsequent Mbration caused hy the shutting of the valves is 
nuoished in proportion, and leas costly foundations are there- 
re required ; 2nd, the loss of water upon the shutting down 
this Tulre is considerably diminished. 

The testimony of engineers, and all who have ever been 
Ucemed in the working of pumpa, is universal in favour of 
ese valves, which work without any of the jar, noise, and 
hration of the old forms. They open and close quietly, and 
nrlc for years without appearing to he perpetually trying to 
Hirov and knock themselves to pieces, an idea which the old 
■tteritly valve especially prompted in all who witnessed its 
pgrformaDce. 

' "Wood faces were ori^nally used for the valves by the pa- 
Intees, but these are now frequently superseded hy n mixture 
ftin and lead, forming a composition, which is nin info a 
bretailed groove in the seat. The valves and the seat are 
iodly of cast iron. At the Birmingham Water Works the 
e 23 inches in diameter, and each pump is provided 
i R doable system of valves one over the other, in order to 



I 
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give additioD&I aecuritT to the action of the pumps, 1 
vork under an unusually high pressure. These ralra 
on Harvey and West's principle. They act so perfeclM 
the blow when shutting is scarcely perceptible. 
taken out after iiK months' work, and the beating faces ol 
were as perfect as when first put in. 

Mr. Marten* says, before the inlroductimi of Ham 
West's double beat valves, so great was the objection fl 
old form of butterfly valve, that the Cornish engine n 
the point of being abandoned in despair 11 hen first introdd 
into water works. The concussion caused by the 
closing of large butterfly Talres acting under great pre 
was so severe as to occasion serious alarm for the sal 
the mnchinery nud foundations. 

The beautiful principle adopted in Harvey and 1 
*nlve for regulating the area of the part subjected t 
pressure, entirety obviates this serious objection. 

Mr. Marten says, for ordinary purposes, as for o 
pmnping engines, and where the lifts are small, the bnl 
valve is very serviceable and economical ; as there a: 
eipensive faces to be ground, the valves are not lial 
derangement by grit and other impurities in the wab 
they can be readily repaired on the spot. 

For a class of work one grade higher than ordiiui 
Morten recommends the double beat ring valve, and 
that as large valves from 1 6 to SO inches diameter, these 
well when made of cast iron with wooden beats. Whi 
valves are smnller, they are better with gun metal beats w 
face to face. 

The following description of a new kind of valve u 
the Hull Water Works is given by Mr. Marten in his 
paper : — 

The valve consists of a pyramid of circular seft 
'e another, on each of which there are a number of 1 

lular beats about 2 inches diameter, into which dnip^ 
Paper rend betore the Inititutian of Mecbanickl Enpnecra. 
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nding number of gutta-percha balls. The action afi 

very simple. It was invented by Mr. 'William. 

1 inserted in the plnce of n double beat voire. 

f 22 inches diameter, and works under a head of 160 feet, 

luectiou with a plunger pump, tvith a direct action steaia 

Immediately upon starting, it was found that that 

s lightened the burden of the engine about 1^ cwt., anl 

een working with great satisfaction." 

is snid to act entirely without 

! almost entirely free from any danger of stoppage at 

tty by extraneous bodies getting jammed 

e at Hull contains 56 of the small gutta-percha 

, which, being rery little heavier than water, are lifted 

tbe greatest ease, and therefore reduce considerably ths 

it on the engine as compared with any form of metal 

, the latter frequently weighing as much 

Mr. Marten enumerates many advantages possessed bj; 

k form of ralve, one of these being the ease with which i^ 

( be repaired. Scarcely anything can get out of ordcij 

jpt the gutta-percha balls ; and it is oidy necessary to keefl 

r spare ones in readiness, while those which are damaged 

f l>e warmed and recast in a mould kept for tbe purpose^ 

a they are again as good as new. This fona of Talre 

led for the pumps of the South Staffordshire Water Works 

I specification in the Appendis). 



The capacity of a pump, unlike that of (be cylinder in tho 
mgline, is independent of the height to which the water is to h<^ 
lifted. The dimensions of the pump are regulated simply by 
I the quantity of water to be pumped. Its capacity must 
* such as to contain tbe quantity of water to be raised at eacb; 
stroke of the piston ; and hence if we have Q = tbe gallons 
be raised in one minute, and h = the number of strokes p«f 
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FOR RAISING WATER. 

B engineers. It is cTiilent, if we wish to know the u'ei^Ad 

1 n pump barrel or pipe, we have only to t 

k factor with the decimal point one place removed, namelyj,* 

istead of 03409. In the same way, the weight of 

1 tbs. in a yard length of pipe will, of course, be 

Iply the square of the diameter in inches. The Cornish 

knne reporters, in calculating the weight of the column of 

r lifted by their engines, use the factor 2'0454, which i] 

ctly BIX times '3409. They then multiply by the lift 1 

I, each of which is, of course, equal to 6 feet. 
lequired the diameter of a pump with a 10 feet atn 
; 12 strokes per minute, to raise three million gallon 

Here ^'''"'''°°'' = 173-6 gallons per stroke. 



1440x12 



Then 



a/ 



1736 

■03409 XK 



= Vsog-s 



: 22-6 inches for t 



diameter. 

The American engineers are in the habit of adding one-thin 
for leakage, so that, according to them, a pump to do th 
above work would have to be 



Vi 



034U9 X 10" 



: >/679 = 26 inches diameter. 



ON CALCULATING THE POWER OP 

The work performed by steam engines 
pressed in what is termed horse power ; that is, an engid 
is siud to be equal to the work performed by a certain numb( 
of horses. The standard which has been fixed on to repreaen 
the work of one horse, is equal to 33,000 lbs. raised througl 
« space of one foot high in a minute. This is eijuiyalent 
saying, that a horse walking at his most effective speed 
2J miles an hour, or 220 feet per minute, and attached 
a weight of ISOflis, freely suspended over a pulley, will 
this weight at the same rate of 220 feet per minute, t 



■ndari) for t 



r ibe work of e 



r computing I 

II Agreed lo by the mechsiiiciau ai 
[ very ready melliod i 
ibe liorte [>oner required to raise nay given quiw 
to any required height. The data required 1 
lire the quniilily to be raised in any given ui 
the faeigbt to which it ia to be raised. The quantity is 
to be reduced to the neight i» pounds niaed per n 
tJiii weight is to he multiplied hy the height in feet, and ( 
product divided by 33,000 iu order to find the horse p 
Ttqnired to perform the work iu question. 

A gallon of diatdlled water, at a temperature of 60° Fl 
rcnheit, weighs exactly 10 lbs. avoirdupois ; so that hr ai 
a cipher to any quantity expressed ia gallous, we obtaia 
weight iu pounds. Suppose, non, it be required to find I 
horse power capable of raising 350 gallons of water pi 
to a height of I/O feet. Here we have 350 x I0=3.5W1 
to be lifted per minute, and 3,500 x i;O=505,OOOfts. lift 



P AVIien the quantity is expressed ia gallons to be raised 
a given height in 24 hours, it is necessary to divide 
qiinntily by 1,4-10, ia order to bring it into the quantity 
miuute; aud as 33,000x1,440=47,520,000, if we di 
the gaUoiia per day of 24 hours hy one-tenth of this 
■i,7.»2,O0O, we obtain the horse power required to lift it. 

The table of horse power in the Appendix (Table I.) 
been computed in this way, as allowing the horse pt 
Id raise any quantity up to 10,000,000 gallons I footbi^ 
24 hours. The first column contains the gallons to be Uf 
and the second column gives the horse power required, b 
simply derived from the first hy dividing it by 4,752,000. 

The use of this table is so simple as scarcely to dea 
explanation. Let it be required, for example, to find 
horse power necessary io raise 3,550,000 gallons 250 
high in 24 hours. 
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• have apposite the given qvuiiitity '7471 : hence, 

0^186'8 horac power. 

: the qnantity to he raised should not occur imme- 
1 the Table. Let it be required, for instance, to find 
r neceesarj for raising 2,316,500 gallons 234 feet 
1 hours. Here ne have 



000 = yij part of -3367 .... -0037 
f 500 = T^ part of -0105 .... -0010 

■4B87 
■< 23i = IH, Horses. 

porse power may be derived thus: 2,316,500x234 
|,0OO gnlloas raised 1 foot high in 24 hours. 



■841B „ X 10 = B-.)2 for 40,000,000 

■*308 -42 for 2,000,000 

■0105 -01 for 61,000 



it the use of a tabic, putting a for the quantity of 
to be raised in 24 hours, and h the height in feet, we have 

j^= horses power . . . (4). 

! capacity of engines for waterworks is to be 
■rained according to the horse power, it is not sufficient 
I lake the esact amount of this from calculation, but consi- 
Btible allowances must he made for tlie friction of the 
sgioe and pumps. Besides the unavoidable friction of ma- 
Unery, it is also necessary in nil engines used at watertctirks 
iproride a considerable amount of surplus power, so that in 
M of acddent and repairs there may be no absolute stoppage 
f the pumping. 

Some engineers are in the habit of douhJing the net horse 
ower, and estimating this doubled amount at a fi.ted price 
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per horee power; others assume the actual friction at 
fourth of the net horse power exerted, and call the u 
amount the gross horse power. They then divide the 
horse power into two equal parts, and order three em 
eiich o( a power equal to half the gross horse power. 
ing to this mode of viewing the subject, it is assumed 
two of the engines — that is, two-thirds of the whole pQ»w 
will be conBtantly at work, while the rcniaiuiiig third enp 
will ho in reserve to he used in case of accident or repairs. 
It will be seen on cxamiiiBtion that these two modes 
lating are not very different in their results, let 
resent the net horse power required by calculation; tin 
KCording to ihc first mode, the gross horse power to be es 
mated for will be 3i<, and according to the second mode 

will be 2 (p + 4)='S"''' ^^* difference being only the 8th pi 

of the net horse power. For example, suppose the net hoi 

power required were 120 horses; according to one mode 

itimating, 240 av would be speciSed, and according to t 

120 + 30x3 ,^, ,,^ , 

— — -;; -=225hp would be taken. 



wUlh 



It is often convenient, in conveying general and rapid i 
formation where minute accuracy is not required, to expn 
the work to be done in millions of gallons raised one foot hij 
Now, on referring to Table 1. in the Appendix, it will be w 
that the power required to raise 1,000,000 gallons 1 foot hi{ 
in S4 hours is '21 horses. Then, according to the first inoi 
of calculating above alluded to, the gross horse power to I 
auumed would be -42 for each million gallons, and accordii 

15 
to the other mode it would be '21 x-jj-=^'39. 

In general terms, let m represent millions of gallons to ', 
raised in 24 hours, A being the lift iu feet, including the frictii 
through the pipes, and let p represent horse power ; 

Tlien -21 A M = P (nel) 

■J2 A W ^ P (grosa) according to first mode, 
And -39 A M = P (groBs) sccording to lecondmode. 




fiPut e for the eoefficisnt of horse power in the above equa- 
i, OP the gross horse power required to raise 1,000,000 
» 1 foot high iu 24 hours, also p = gross horse power, 

e cmA^p and c=— :. 
f shall now examine this coefficient of horse power for 
|t important works, in which the engine power and the 
f pumped are acturatcly known. And first of the 

I Southwark and Vauxhnll Company, according to their 
rna, pumped oa the average 6,000,000 gallons a 
t height of 185 feet, and employed for this purpose 
torse power. Hence, the gross horse power employed 
ft each million of gnllons 1 foot high is 
355 
g—j^ = '32 horses. 

|i Grand Junction Company employed a power of 690 
ie an average daily quantity of 3-5 milhon gallons 
iftt high. 



6 Chelsea Company employed 221 horse power to raise 
rage daily quantity of nearly 4,000,000 gallons to a 
it of 157 feet. 



t East London Company employed 568 horse power 
1 average daily quantity of nearly 9,000,000 gallons 
Irtight of 107 feet. 



e Lambeth Company employed 222 horse power to raise 
« daily quantity of 3,000,000 gallons to a height of 



The foJlowidf; T*blc express 
vMch h»vc been staled : — 



Southwark and V»a\liall 



l.imb«ih 

Eut Lonilon 

Glwai Junction 

N«l hone powtt required 

(irou hone power accoidiDg to tie (ormula 2 P , 

GtMB borsc power ■ccordin; to the fbmiula -rr P . 

It appears tliat the first tvro companies on the Ibt hm 
more than 50 jjcr cent, in excess of the actual net 
reqtiircii exclusive of friction, Thtfy each have less 
nquired bv either of the formiilte vhtch hare been corn 
•bovc, and are cert^nly npt obnoxious to the charge of 
too much turplus power. The Lambeth aod the E»a( 
don have caeli more surplus power thau would probi] 
adopted for the works of provincial towns, but probata 
more than is judicious to provide for the rapid increase 
populalion which they supply. The Grand Junctioa 
only company wliich appears to have a remarkable t 
power. 

Looking al the great economy with which engines 
when loaded below their full power, and looking also 
GODslant and rapid iucrease of the Loodoa water con^ 
it is questionable whether any one of them, except the 
Junction, could be said to have an extravagaut amo 
BurpluB power. Yet we find an Inspector of the Bo 
Health charging them all iu the most wholesale mannf 
reckless and extravagant expenditure of this kind; am 
ally aWempting to make out that the London water cob 
in the aggregate employ JJ times as much engine pa 
is Dccessarv. 



I few" instances of recent works of 

i magnitude, in order to show the scale on which 

jal engineers of the day have proceeded in fixing 

]gine power. Here, again, the ease of the 

s first presents itself, in their recent appliea- 

pirltanient for powers to change the site of their 

id take the water from the Thames above the reach 

Itaie when the average daily supply of the Chelsea 
If was 5,000,000 gallons a day, Mr. Simpson pro- 
|5 horse power to raise the water 165 feet high from 
Wdh to a reservoir on Putney Heath, 
600 
Hence TfiS >r5~''^ horse power. 

ickj who ia engineer for the combined works of 
janies at Hampton, proposed 94 horse power for 
I Junction Works to raise 5,000,000 gallons a day, 
d-pipe 46 feet high. 
Iposed the same power also for the Southwark and 
n which 8,000,000 gallons a day have to 
feet high ; bat for the West Middlesex Company, 
Pwork to be done is the same as for the Southwark 
all Company, he seems, according to the printed 
have proposed 200 horse power, 
ing coefficients ; — 

Grwid Junction — — = '■(1 ^^H 

SouUiwmV and Vauxhall ^-^ ^ -29 ^^| 

West Middlesex T—Te ^ '^' 

Eeult to explain the disproportion here exliibited, 
isumed that the engines of one company were 
to help those of the others — an arrangement which 
maible, as the mains all start from a common poiuti 
be readily connected. 




M 



^Imute. Tables 2 to 5 in the Appendix bIiow the power of 
^VJorubh engines calculated on these data, from 15 inches up 
I to 100 iucbes diameter of cylinder. 

I Most of the ComiBh pumpiug engines are single acting 
rlut the double acting en gioes used in Cornwall for raising 
T^ikt kibbles are usually calculated to work under a load of 
10 lbs. per square inch, and the pistoa is assumed to haye 
actual .and effective velocity of 250 feet per minute. 
Mr, John Darlington, the author of a raluahle paper 
which appeared in the first number of the "Engineering Jour- 
tial," assumes the initial pressure of steam on entering the 
^linder of the Cornbh engines at 30 lbs. per square inch. 
Be assumes it to be cut off at one-fourth of the stroke, and I 
lire a mean pressure of H'Slbs.per square inch. From th] 
deducts one-fifth for friction, and takes the remainin 
^14'24 lbs. to represent the effective pressure of the steam. 
He assumes the same effective pressure for all engines from 
15 inch cylinders up to lOO inches. He assumes the length 
of stroke to be 8 feet in the small sized engines from 1 5 inch up 
lo 19 inch cylinders, and to he 12 feet in the largest size 
SS to 100 inch. In the same ratio also he takes the effective 
"dodty (the length of stroke multiplied by the number of 
Joublc strokes per minute), to vary from 112 to 96 feet per 
minute, the smallest size having the highest velocity, and the 
la^st having the lowest. These velocities are what Mr. 
Darlington terms safe rates of working, hut in hia table he 
girea another column showing the most economical rat 
torlting, and this economical rate is commonly less than half 
rf that which is assigned as the safe rate. This is only ia 
IMordatice with well established facts — with the opinior 
■11 practical men, and ia borne out by the daily working of 
the pumping engines in Cornwall. 

In proceeding to determine the dimensions of an en- 
gine according to the Cornish method, the first and prin- 
cipal thing necessary is to produce an equation between the 
work to be done in n utut of time and the power of the engine 
in that same unit. Thus, if we take the work to be done ' 
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Iba. raised one foot bigfa per minute, the whtJc preBsurft 
gtcain on the [uston multiplied bf the effective velodtr of I 
jiistoa per minute must be eqoiJ to this work. 

Potting ic for the wori: to be done in lbs. raised one fo«t Iq 
per tninnte, P = the whule pressure of steam on the piston 
lbs., r ^ its Telocity in feet per minute, then must lo = P i 

It will be most convenient, however, to subdivide P in 
the two factors which eTidentlv compose it, namely, the an 
of the piston or cylinder and the pressure p per square incj 
We have (hen the exptesMon W = a pv. 

Engineers adopt difierent modes of calculating the elenua 
or ports of this equation. W, of conrae, is a determined I 
g^ven qaantity, while p and v are usually assumed at what a 
IcnowD by esperiencc to be reaaonahie and proper. 

Thus if uF be the whole work to be done excLusive of liit- 
tion it will be quite safe to assume, as many of the Conush 
engineers do, that p may be 14 or 15 lbs, and t may be 80 
or 65. Either of these assumptions nitl euuble us readily la 
derive a, the area of a cylinder which will do the reqrand ■ 
amount of worlt. 

SnpposeoCornisheDgineerprescribesanenginewithacTliDilT 
arGa=a to perform a given qnoutity of work k, we know im- 
mediately by the expression - =p v what he has assumed for 

the effective pressure of steam multiplied by the velocity of 
the piston. We know, in fact, what value he has assumed 
far p V, and though thia may vary slightly among difl'erent 
engineers, there is still a very fair and general uniformity of 
opinion on the subject. Some may put p a little higher thta 
others, and v a little less, but the product p k is neually 
about the same among the different Cornish engineers. 

The following comparison will explain tliis more clearly : — 

e celebrated Conush engineers were requested to spedfy 

rately the kind of engine they would recommend to per- 

rUbrm a given qiumtity of work. They were Mr. Willim 

f West, of St, Blnzey, Mr. Samuel Hocking, of John Stres^ 

del/>hi, and Messrs. Qarvey and Co., of Hayle foondiy. 





Knt BAIBIN6 ITATIK. 



III.-. 


IS 2 S S 2 2 


11: 


II 1 11 1 1 


11 


S S S S S 3 S 


i 


II S 11 1 1 




l| 11 il li II 

11, 11 p, 11 Jl 

i| il i| il 1| 


s 

^ 


111 111 i 

E S IS S S E 



2233 PUMPING MACHlMBKr 



It qypean from the pnoeding Talile» that we shaU 
the practice of the moet emment Cornish engineers, in 
ing a Tslue varying from 850 to 1200 for the denoi 

vpm the expression ~= a* 

The fc^wing Table 'shows the yalae of 9|» in the 
work of the 15 pumping engines, for which particul 
given with infficient detail in " Brown's Engine Rep 
for 1855. 



„._..„„. p 


1 

1 


liliiilllilHIfi 

fliiillilllUllil 


m 


illll4|SS2iiSiS 




^ 


if 


Si^ill^=i^lS^S£ 






slsilssils^sSs? 


w 


.5o=.. = o = o«»o = oo = = 


mi 


S^ISSSSSSS2SS^:v 


I 

Si 

r 


Gt.Dev. Consols 
Fowey Consols 
Great Polgoolh 

Ditto .... 
Marv Ann . . . 
Par Consols . . 

Ditto .... 
Pembroke . . 

Ditto 

South Caridon 

Ditto .... 
Trelawny . . . 
Weit Fowey . 
Wheal Uny . . 


:S 
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It ii worthy of observation, that this Table of actual 
fbnnance does not bear out tiie idea, that the most dt 

raiiably performed hy engines, which work at the k 
rate of speed, and with the smiUlest pressure. Of thoai 
gines in which r p is below [he arerage, onlv o 
duty of 77 millions; while in Nos. C, 11, and 12, 
is very small, the duty is also lower than in any of the 
engines. In those eng;ine3 where the duty is highest. 
No. 3, No. 4, and No. 7, which are all 80 inch cylindi 
gines, the respective values of i>;i are 934, 1115, and 77 
wjnaderably above the average.* 

Taking into consideration the practice of the moat em 
Cornish engineers, in connection with the results exhibil 
this Table, I venture to propose the value pj)=10O0 
constant, in estimating the sixe of the cylinder for large 
nish engines to be used in waterworks. We shall then 
the rery simple expression 



W 



I, the a 



« of the cvhnder. 



1000" 

For example, let it be required to find the diamc 
I oylinder which a Cornish engine should have to raise 3,3( 
K ^lona 120 feet high in 24 hours. 



Here 



3,500,000xl20_ 
144 ~ 



2,916,Ge7="W. 



Then ^'^l^.SG'^ggi? area of cylinder 
in inches=Gl inches nearly for the diameter of the cylii 
* la tie precediuB table it Ehonld be observed ihst the value i 
derived, not from the actual pressure of aleam on tlie triaton, but ft 
actual iFBter load divided b}' the area of the piston. It folloni i 
I actual pressure of iteam must he somewhitt more tbaa this, hecausi 
avercome all the frictian of the purapi Bod parts of the engine, 
ung the .aetuii! water load. If, in order to eonipare the value o( 
Kdetermiiied from actual working with that ssBumed in calculab 
■power, we add to vp ia the inbtc l aC its amount Cur friction, 
V'flod the agreement remarkably cloie. 



various Cornish engineers assume dif- 

Thus, Mr. West appears to Bssnme 

(26; Mr. Hocking 1113; and Messrs. Harrey 1140. 

Q the practice of calculation followed by each of 

e en^ne to do the above work would bo iletonnined 
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Appendix (Table C) will he found Mr. Darlington's 

horse power, which has been before alluded to. The 

which he assumes, corresponding with that 

have used in speskiDg of the actual working of Cor- 

ipnes, is 14-24 tbs. per square inch. The Table is 

because it shows in a very aimple manner the pro- 

betweeo the horse power at safe working speed, and 

.economical rate of working, 

:. Darlington's value for^ being constant, namely 14'24, 
liat of V is variable, being 80 feet per minute for the smaller 
and engines, and increasing up to 9C for those of the largest 
be. 

Taking a velocity of 80 feet for engines up to 60 inch cylin- 
ier, Mr. Darlington's value for up would be 14-24 X 80—1139. 
liking a velocity of S4 feet for engines from SO to 70 inches, 
fte value of wji would be 14-24x84=1196. Taking a velo- 
1^ of 88 feet for engines between 70 and 80 mches, the value 
« V p would be 14-24x88=1253. Taking a velocity of 
(! feet for engines between 80 and 85 inches, the value ofvp 
IrouUbe 14-24x92=1310. FinaUy. taking a velocity of 90 
«et per minute for engines with cylinders between 85 and 100 
itches, the valoc of fij would 14-34x96=1367. 
Theae latter values appear to he greater than thoee whit^^ 
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obtain in practice, and are not in accordance with thoi 
other engineers. It will readily be seen, that in adopting 
Darlington's values, we should fix an engine of smaller 
than by using any of the constants before given. Oi 
whole, there appears no reason to vary the opinion all 
expressed in favour of the expression 

=area of cylinder. 



STEAM WORKED EXPANSIVELY. 

When steam is admitted throughout the whole of the s\ 
its efficiency is, of course, equal to that of the uniform 

sure or unity. When cut off at any part of the stroke 

its efficiency b equal to I X Hyp. Log. n. Hence the fc 
ing table, showing the efficiency of steam at different de 
of expansion : — 

Steam * admitted throughout the stroke 
„ cut off at f 

I 



>» 



»f 



»» 



i> 



ti 



»» 



ft 



»f 



If 



>» 



1 

IT 

i 

1 
T 

i 

1 
TV 



1000 
1-287 
1*405 
1-693 
2-099 
2-386 
2-609 
2-792 
2-946 
3.079 
3.197 
3-303 



Now, if steam be admitted with any given pressure p 
be cut off at the w*^ part of the stroke, it will have an eq 



lent pressure throughout the whole stroke = ^ x 



] 



1 + Hyp. Log. w. Suppose steam of 35 lbs. pressure ci 

♦ The greater part of this scale is taken from Lean's Historical I 
nient of the Steam Engines in Cornwalli a work which has been I 
referred to. 



FOR S&IBIKO VATKR. 

the stroke. Then we have — x 2-D46 = I-1-7 

7 
a effecrive pressure througlsout tlie stroke. 
nimping engiitea used in the American waterworks are 
louble acting engines, and they are commonly caku- 
o -work with nn effective mean pressure of about 14 lbs, 
t square inch. Thus, in several engines designed by Mr. 
Upine for Brooklyn, Albany, Chicago, and other works, the 
teaare of the steam is thus estimated — 

> Pressure in boiier 3D 

Do. when admitted to cylinder ... 20 

n being cut off at ^ of the stroke we have (by Table in pag 
1) ^ X 2'386 = 11-93 lb p q a h f th mean 

(More on the piston through t th K 

To this must be added, s 95lbp qarmhl th 
ditional pressure due to th m p d d by d 

n. From the total press in d th Am ai g 

era deduct one-iifth the m 1 p f h m 

!ba. per square inch for th fn t n f h gi d 

Ifthis quantity, or 2 lbs. p q h f th f f 

! air-pump piston. He 1 fit p wll b 

rived as follows : — 

Ibi. per •qunra inch. 
Mean pressure of steam at 201bs. per inch, cut off si 

i oftiieilroke 1193 

..Addition for vacuum fi'5 

I^H 20 ^^- ~''^^ 

^^■li for friction of engine ~ = i 

^^F „ air-pump 2 . . 6' 

' Mean effective pressure 15-43 

nearly 15^ lbs. pet square inch. 

Bus mean effective pressure is then to be multiplied by the 

ective Telocity of the piston, which, in the double acting en- 

les, Is frequently as much as 300 feet per minute, and from 



this is deducted the actual resistajice of the air-pump, wLion 

ebtiuiicd by muUiplying the area of the nir-piimp by 9-5, d 

vacuum pressure as before, and by the velocity of the air-pni 

piston. This last deduction reduces the actual eflrective m 

sure to about 14lt)9. perstjuare inch, which is a preisuretM 

monly nsaumed by the American engineers in their calculitiM 

The mode of calculation will, perhaps, be better undenHJ 

by pntting the etjuation into the algebraical form giruJ 

Hasweli :— J 

Let P be the mean effective pressure on the whole anfl 

the piston, due to the expansive action of the stn 

usually assumed at 12 lbs. per inch. I 

B = pressure on the whole area of piston due to tifl 

cuum produced by condensation usually utaM 

at 95 lbs. per square inch. M 

y^ pressure on the whole area of piston neceisMM 

overcome the friction of the engine usnl^a 

lbs. per inch. fl 

m = pressure on the whole area of piston necesiMjfl 

overcome the friction of the air-pump usaaSjfl 

2 lbs. per square inch. ■ 

s = velocity of steam cylinder piston, usually from WW 

300 feet per mmute for double acting engines. I 

n = velocity of air-pump piston, usually assumed atSOll 

100 feet per minute. I 

6 ■=. resistance of the vacuum against the air-puilQi pn 

= area of air-pump piston X 9'5. I 

W ^ weight in lbs. UAed one foot high per minute, ffiM 

S(P+») (/T;.)-«i=W. ^ I 

DxAHPLEs. — The condensing engine proposed fordflcM 

waterworlis has the following dimensions. , 

Diameter cf steam Ofliader, 4G iachis. 

Length of slroke, 9 feel. * 

Efertire velocity of piiton. S = 2<0 feet per minute. .^^^1 

B&PrenuTe of iteam on ealering cflindet, 20tt>e. per squue 4|^^^H 

^pSteam cut otf at ^ of stroke. ^^^^| 
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PreMiwe due to vaemim 9 » 9*5 fts. per square inch. 
Diameter of air-pnmp, 34 inches. 
Also Yalue of/ « 4 fts. per square inch. 

„ m as 2 fbs. per square inch. 

„ n = 80 feet per minute. 

Then S= 240 

P=1662 X 12 = 19944 
r=1662 X 9-5= 15789 



35733 
Also /= 1662 X 4 = 6648 
m = 1662 X 2 = 3324 



9972 

25761 Total pressure acting 
vk piston. 

Then 25761 x 240=6,182,640 lbs. 
jess area of air-pump 

W in. = 907-92 X 80 X 9-5 690,019 



5,492,621 



The work to be done by this engine is equivalent to raising 
three million gallons 90 feet high in twelve hours = 

3,000,000 X 90 _ 3^750,000 lbs. raised 1 foot high per 

ninute. To this Mr. McAlpine adds one-fifth for the friction 
of the pumps and machinery, making 4|- millions of pounds. 
The friction of the water in passing through the pumping 
main will increase the duty on the engine to bi million pounds, 
Yaised 1 foot high per minute. Now, a single acting Cornish 

W 
tngine, according to the formula = a, must have a cylin- 
der equal in area to — *- = 5250 = a diameter of 82 

^ 1000 

indies. We have seen that the American engineers adopt a 
double acting engine, with a 46-inch cylinder, having an area 
of Qolj 1662 inehesy or less than i that of the sin^ acting 
«Bgiiit. 



At ihe Albany works the engiue is required to raise in !■ 

► hmm 2 million New York gallons (of 8 lbs. each) lo a " " 

of 156 feet, nnd 1 millioQ gallons to a height of 239 fd 

Hence W= 6,111,111 f 

To this add for friction in main , . . 733,370 1 

i for friction of pumps and machinery . 1,222,222 I 



8,066.6 

b be raised one foot high per minute. 

r For this Mr. Mc Alpine proposes a steam cylinder of S 
E^jes and 12 feet stroke, the piston making 10 strokes pi 
Innte, and having an effective velocity of 240 feet f 

f The assumed pressure of steam, the vncuiim, &c., being 9 
"•tme as in the Chicago engine, the power calculated b; 
■ formula S (P + v) — {f+m)—7ib is equal to B, 

Olbs. 

Now to do this work, a single acting Cornish en^ne, D 
puted as before, would require a cylinder with an area = 6 
inches = a diameter of lOS inches, or considerably more t 
3 times the area adopted for the American engine. 

In the Brooklyn works the duty required is much greatt 
than in either of the preceding, being equal to the e 
5 million gallons in 12 hours, through a main 6,000 feet Icq 
and 30 inches diameter, to a height of 190 feet. This dn^ 
including the friction of the machinery, and ihat of the n 
passing through the rising main, is equal to 17 milUonifl 
pounds, raised one foot high per minute, or about 515 holj 

To effect this work Mr. Mc Alpine proposes an engine* 
a steam cyUnder of 72 inches diameter, and 12 feet 
working steam at 20 lbs. pressure, to be cut off as in tl 
cases at J- of the stroke. The effective velocity of the p 
value of s in Haswell's equation, is here 288 feet per 
The diameter of the air-pump is 48 inches, and the velocity of 
mr'pamp pbton is 96 feet per minute, all the other values b^ 
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IBSae as those whicb are described for the Chicago engine. 
pO'wer of this 72 inch cylinder engine, when computed by 
formula S {p + r)— (/+ m) — «i, is equal to 16,52.J, 
lbs, raised one foot high per minute. 
[ow, if tliis work were to be done by Cornish eingle acting 
ines, it -would require 2 engines, each with cjbuders ex- 
ling 1 00 inches in diameter, whereas the American engi- 
r proposes only one engine of T-2 inches. 
Ve have seen, that in the practice of the most eminent 
uish engineers, the value of i'^, or the product of effective 
Muty of piston by mean pressure of steam, is equal to 1,000. 
bhe American engines were simply double acting, all other 
ags renaaining the same, the Talue of vp would of course 
double, or 3,000, This, however, is not bo, because the 
ml velocity of the piston is considerahly greater. 
If we take in each case the value of \V or work to be done \\\ 
^ minute, and divide it by the area assumed for the cylinders 
the American engines, we shall have the value of ojj for 
* purpose of comparison with the siiigle acting Cornish 

: 3,159 



1,662 



8,066,603 „„.^ 

at Albany -hr-^rrr- = 3,0d3 
^ 2,642 

atBrooklyn = 4,1/4 



■ " 'J" ^:o7r 

llus, the value of vji being iu the American engines from 3 
' 4 times as great as in the Cornish single acting engines, 
id the area of the cylinder requiring to be inversely as vp, 

fbllowa that the American double acting engines require 
rSnders only one-third or one-fourth the area of the single 
iting engines. 

Tbt mode in which the American engineers provide for the 
tdluiry or surplus power has been already alluded to. The 
nUe acting condensing engine is designed vvith sutGeJent 
mier to do the whole work in 12 hours, and in addition, a 



I 



higl) prmure iion-condensing en^ne is erected, ca] 
(ioioff the whole work in 24 hours, and 

In order to make the comparison complete between 
American system and our own, 1 shall briefly notice the 
condensing engines proposed in the three works whicb 
been taken as examples, nnmelj those of Chicago, Alb 
^d Brookljci. 
I The work to be done by the non-condensing 
kCfaic^o ia that of raising S million gallons 90 feet hi{ 
1 94 hours. When the friction of the pumps and macb 
I is sdded to this, nod also the friction of the water pi 
through the pumping ninin, the work to be done is eqnii 
to riii»ng 2,600,00(1 lbs. one foot high per minute, or ' 
2,600,000. 
L To effect this, an engine is proposed with an 13-inch i 
Ritter and 6 feet stroke, with a piston travelling 2-10 f«t 
rninute, nnag steam at 80 lbs. pressure per square inch «t 
iT'linder, and cut off at one-fourth of the stroke. 

According to the table at page 236, (he mean efft 

pressure or value of ;j will he — x 3'38C = 4?-? lbs. 
square inch. 

The value of P will be 254 x47-7^ 12116, 
Then 12116x240=b P the whole power=-2,907,8-10 lbs 
about 300,000 lbs. in oscess of the power actnally require 
At Albany, where the work to be done is equiraUd 
raising 1,600,000 imperial gallons 156 feet high, 
800,000 ^ous 238 feet high in 20 hours ; 

Then ll5'!iil^2il^= 2.080,000 



And 



800,000X238 . 



To this is added the same amount 
fbr friction of water in mains, in 



)a, machinervi &c., na for the 

musing engine, nnmely . . , 1, 035,482 

Total 5,622,159 lbs, raisedone 
h^h. per minute. 

he engine proposed for this has a steam cylinder of 24 
ea* diameter and C feet stroke, making 20 strokes per 
lite, and working steam of 70 lbs. pressure to he cut off at 



Her 



= 240 
= 452 



, for the effectiv 



= 70 X J X 1-287 = ( 

^iire. 

[;hen 67-57 X 452 X 240 = 7,329,99-i lbs. raised one foot 

^ per minute for the power of the engine, which is consi- 

kbly in excess of tLe power actually required. 

U Brooklyn, where the work to be performed by the non- 

tdenstng auxiliary engine is equal to raising 5 million 

JloDB 90 feet high in 24 hours, the power required, inelnd- 

[ the friction of machinery and the friction of the water 

Uang through the mains, is equal to 8,067,476 lbs. raised 

ie foot high per minute. For this work an engine is pro- 

Hed with a 30 inch cylinder and 6 feet stroke, using steam of 

) lbs. pressure at the piston, with an average effective pressure 

'48 lbs. and an effective velocity of piston = 2-10 feet per 

mte. Hence the power of the engine will he 

Area of Prcaanre 

C»liinlci'. per inch. Velocity. 

706'8G X 48 x' 240 = 8.143,02? Iba. 
The following table gives at one riew the particulars re- 
ting to the American non-condensing engines which have 
*n noticed in the preceding pages : — 



te!- 


•s. 


Vtlorilf of 


"■■""■■ 


Furl of Stroke 


;;ss. 


Vilae ot 




Sr 


24 
30 


2*0 
210 
210 


80 
70 
80 


1 

} 


48 
67-6 

13 


11520 
16221 
11520 


1^ 


^H 




^^ 


» 1 
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1 
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The Chicago and Brooklyn are more recent works than 
Albany, and may be taken to represent the most modem 
tice amongst the American engineers. 



ON THE COST OF ENGINES FOR PUMPING PURPOSES. 

This is often estimated at a price per horse power of; 
work to be performed, but the practice has been prodi 
of serious errors and misunderstandings. 

Engineers have been heard grayely calculating the net! 
power, nt £50 per horse for condensing engines, a sum wl 
is far too low, and which in reality represents about the 
of each horse power of the gross instead of the net amount. 

The following table presents some examples of the cost 
engines according to horse power of actual work to be 
formed. The unit of work assumed here is the usual 
commonly called Watt's standard, namely 33,000 lbs. 
one foot high per minute = 1 horse power. The last coh 
contains the cost per net horse power reduced to this s< 
ard. The price of the engine in each case includes the boiler 
and pumps, and where no note occurs to the contrary, it 
includes the erection of engine-house, boiler-house, and 
necessary masons' and bricklayers' work. 
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I The slatement of work to be done by the American ei 
1 each esse somewhat uuderatntcd, as it is derived fn 
A actual Iicight to which the water U to be lifted iritha 
jr addition for friction through the pumping mab. 

: follows that the price ]ier horse power is in each o 
oiewhat higher than it would be if bused upon the i 
: of work including this friction, as in the estimi 
lOted from the Coniish engineers. Notwithstanding 6 
iwever, the American estimate is in every instance o 
y below tlie price of single acting Cornish engines. 
I The highest American estimate is that for the Chw 
brks, where the horse power is 1 35 horses, and where the i 
t entire engine power, including duplicate engine, load, . 
uldings, is only 3683 per horse power. 
for other works, the cost per horse power ivppears to dil 
h neArly as the magnitude of the work increases, ^ 
e for the large pumping power at Brooklyn, only from 3 
5 per horse power. 

9 great diHerence of price, as against the single act 
nish engines (see first part of the Table), is in some n 
c due to the engines being made double acting, and ti 
requiring much smaller cylinders, and a proportionate redud 
of other parts ; and also, in some measure, to the ii 
non-condensing engines as auxiliary power. We fi 
also to call attention to the fact, that Messrs. Uawthdi 
double acting expansive engines will bear comparison even w 
the cheapest of the American. 

Experiments and recorded observations are still reqoi 
the working and actual duty of these double acting 
tive engines. Their first cost is certainly much less & 
kat of the single acting Cornish en^esi and unless they, 
e expensive to work — in other words, unless they perfc 
I duty — they ought to be preferred to the single act 
The Table here given, and the remarks here vu 
ventured as conclusive or satisfactory even to the a 
t the author; but are merely given to draw attentun I 



■■of great importance, and one which is dsily becoming 
mt with reference to the supply of towns Laving 
e command of capital. In new waterworks it shoulJ 
le be the aim of the engineer to effect aa much as pos- 
meaus at his disposal. It is dangerou8 to be 
J by theories in favour of any particular kind of en- 
knt the whole subject, on the other hand, requires the 
I of calm and deliberate judgment, based on the most 
p information which can be procured. 

tample of large double acting pumping engines in. 
mntry, a specification is glveu in the Appendix, of the 
l^nes now being erected by Messrs. Boulton and Watt, for 
b South StaFTordshire Works, under the direction of Messrs. 
I'CleRn and Stiieman, of London, and Messrs. Marten, of 
'dverhampton. Civil Eugineera. 

Opinions arc much divided, as to the comparative merits of 
»m and direct acting engines for pumping purposes. The 
Ogle acting Bull engine, with the top of the cylinder closed, 
le [nfiton-rod working through a stutfing-box in the bottom, 
id the steam admitted also at the bottom, was intro- 
iced many years ago in Cornwall, and several engines on 
lis plan have been erected for American waterworks, and 
OH recently by three of the Loudon companies for their 
nr works at Hampton. The advocates of the direct acting 
i^ne contend that, the cyhnder being placed immediately 
ler the pumping vvell, and the piston-rod bcu)g in fact also 
e pump rod, there is much less friction than in the beam 
i^e> Mr. Marten, who has under his management both 
indi of engines, gives a preference to that with n beam. He 
Merres that, as a rule, direct acting engines when working 
tder a high initial jircssure are apt to start oiT at a speed 
hich jars and strains the whole of the machinery through- 
it. 

"'Hte speed attained hy the piston as driven indoors at 
te-bepnning of the stroke, is many times greater thaiv the 
t Telocity per minute ; and conseiiuently unless nil the 
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parts are made e^tra strong in proportion, the bearings 
OQt with great rapiditj, and the machinery is soon 1( 
erery joint. In n beam engine, on the other hand, 
large proportion of the initial force is absorbed in on 
llie inertia of the heavy beam, which thus becomes a 
of surplus force in the carUer portion of the stroke, to 
Fpven out during the latter ; and the result is, that a com] 
avdy steady veloeify is maintained throughout the strtdoj 
uch to the advfuitHge of the whole of the machinery; ift- 
s only nith this adjunct that expauaion can be 
I safely to a very high degree- The beam in fact 
ciprocating fly-wheel, and is attended with precisely 
me action and the same beneficial results. The writer ii 
Squainted with a case of two large expansive engines of 
arly the same size working near together, one of which h 
t open network beam of about 30 tons, and the other 
rong heavy beam of 45 tons' weight. The difference in tlv 
orking of the two engines is very perceptible, and nearly 
~ million pounds duty in favour of the heavy beam. In man 
cases where a jar is perceived in pumping engines workba 
with a high expansion, it may be cured by increasing ^ 
weight or inertia of the beam."* , 

For pumping a lai^e quantity of water through a gr^ 
length of main pipe, under a heavy pressure, Mr. Martfl 
experience lias led him to prefer the double acting beam i 
gine erected in duphcate, the two engines being coupled tod 
ihcT at right angles to one large fly-wheel. Such is the an 
and combination of pumping engine adopted by Mr. Main 
in conjunction vrith Mr. M'Clean, for the South Sta^rdsH 
Works. See Bpeclficatiou of these engines in the Appendix! 

I noVBLK CYLINDER ENGINES. 1 

H Ever since the double cylinder enpne was first introduil 
By Woolf, this form has been in favour with some engineai 
Biiese are not much used in waterworks, but there are mil 
Wf * From Marten's Paper on Fumping Eagines already referred to. i 
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aned cylinder engines ou Simma' principle in the Conjish 

es. The French use extensively douhle cylinder enpnes, 

contend that they ohtain by theii- means a more useM 

iwxmoTiiical effect from the expansion of the steam. The 

pumping engines, with 144 inch cylinders, erected for 

ing the Hsarlem Mere, from the designs of Mr. Gibbs and 

hare double cylinders, one within the other, the 

ig fitted with an annular piston, Mr. Martea, while 

ig the advantages of double cylinder engines in some 

'here uniformity of power throughout the stroke is a 

itum, yet for large pumping engines prefers single cylin- 

ible action engines, lie remarks that the arrangements 

Idouble cylinder are much more complicated, and he finds 

usefnl degrees of expansion can be carried on sufficiently 

single cylinder. 

VDMPING INTO A MAIN. 

han one pump is used tliere is often only one 

asel. Mr. Marten, however, recommends a separate air 

Ind back flap rdve to each gump, also a blow-off valve 

Pwith a certain weight, so that in case of any recoil in a 

igth of main the pumps would not be burst. 

I pipe, when the pumping lift is considerable, 
Eommeuds the insertion of a back flap valve nt every 50 
|f elevation above the pumps, so that in ease of any pipe 

;, the whole main shall not be run dry. 
I leading point to be kept in view in the design and 
Sction of engines under these circumstances is the main- 
e of a constantly uniform flow of water through the main 
Ibm the pumps. This is provided for by the compound 
I acting pumps, by large air-vessel accommodation, and 
g of the engines at right angles. 



■Wolverhampton, the reservoirs are prevented from being 
Tied by a self-acting check valve, which shuts against any 



npplj beyond a cerliuu limit, so that the man norkii^ U 



engine ai 



e knows wliea bb work is doii 



Tl.e.1 



ii M> aiTiingeO, that immedialelr tbe engine ceases to work n 
supply Id the town is niabtuoed from (Le reser 
flap valres, uiidemeatli the self-acting stop-valve, opeaiagid 
mediately ns soon as a supply is required for the tonn.* 



Tlicse np|)enr to be an unnecessary addition to tl 
of a pamiiiug eslablisiiiiieDt. They were first introduced, iij 
so mneli lo give the required pressure in tlie main pipeaw 
plving a lonn, as to eqvialize the weight on the en 
cause it to pump always sgainst a tmif'orm load. 
Teuel however costs only about one-leuth as mach a: 
pipe, and is thought by some engineers to answer tht 
equally wt!l. 

The Tcttenball engine, at the Wolverhampton works, j 
from ft well 140 feet deep, over a stand pipe 180 feet hi 
making a total lift of 320 feet. At the time the stand p 
erected the Company had no summit reservoir, and the at 
pipe was thought necessary to give the pressure in the n; 

Mr. Martea, the cngjuccr of the works, in his recent pi 
read before the lustitutionof McchauiealEngiQeers, appe 
be of opinion that the stand pipe was unnecessary. 
serves, that all the requisite safety can be secured by p 
into an air-vessel with a check valve on the delivery sidq 
that ia case of a pipe bursting, or any sudden dlminntio 
pressure taking place, it would he impossible for the ei 
"go out-of-doors" at more than a certain regulated 
Mr. Marten says, " Unless the stand pipes are carefully a 
in winter they are in great danger of being frozen, a 
serious consci[uenccs Lave arisen from this caas 
also a drawback with them on account of the great vi 
the column of water, which has to be set in motion fi 
, stand at each stroke of the engine." 

* From narten's Piper on Pumping Enginei 



DUTY OP PUMPING ENGINBS. 

E term was first explained in & definite and precise 
T by the learned and accomplished Davies Gilbert, Pre- 
^t of the Royal Society, in a paper read before that body 
1827. "The criterion of the efficiency of ordinary ma- 
ues is force, multiplied by the space through which it acts ; 
ft effect nhich they produce, measured in the same way, has 
en denominated iluti/, a term first introduced by Mr. Watt 
■iscertBiiiing the comparative merit of steam engines, when 
I assamcd one pound raised one foot high, for what has been 
Ued in other countries the dynamic tmit; and by this crite- 
n, one bushel of coal has been found to perform a duty of 
bty. forty, and even fifty millions." 

Mr. Wicksteed* says, "As regards the term 'duty,' I 
ideratand it to mean the useful effect, or actual weight of 
Aer raised by a given weight of coala, the same weight of 
lb also generating a sufficient quantity of steam to work 
p oinne and overcome the friction of the pit or pump 
A." 

It is clear, from these definitions, that the duty is not an 
jffession of the work done, as this would include the power 
overcome friction and other resistances, hut is the actual 
pefnl effect expressed in lbs. weight of water actually msed. 
To the enterprise and enlightened spirit which have long 
otinguished the mining interests of Cornwall, we are chiefly 
4ebted for those vast improvements, of various kinds, which 
we absolutely increased the power of pumping engines to 
ke extent of five times that which they possessed forty years 
JO, when the Cornish engines were first reported. To them, 
Ih^ we are indebted for that valuable series of jumiial reports 
fhich have recorded, year by year, the gradual and successive 
(iprovements of the engines. Mr. Lean, in his historical 
tttement of the steam engines in Cornwall — a work compiled 

* Wicketecd's Eiperimentfll Inquiry concerning Corniih and Boulton 
ai Witt Pumping Engines, p. 32. London, Wealc, 1941. 



at the requMt of the British Assodation for the Advancement I 
of Science, by the wcU-known registrars and reporters of theH ■ 
engines — makes a Btatemeot which shows, in the cleaniB 
mauner, lliat the improvemeuts made in the engines of Coirf| 
wall, np to 1 835, were then saving the coimtry £$0,000 a ;<mI 
in coftis alone, as conipared with the cost of working the >ri^| 
engines ill 1 814, or twenty-one years before. All thestatem^^| 
in itr. Lean's book arc characterized by moderation and tr^^| 
fulnesg, and appear to be thoroughly worthy of confidence. ^H 

Something more than mere praise and simple admiraf^H 
are due to the Inbours of the men who quietly and uQostc^^| 
tiously, without parnde of any kind, hare been thus stea^^| 
promoting the substantial and vital interests of their roan^H 
Without these improvements, and without the exertions of ^^| 
men to whom they are due, it b probable many of the nd^H 
of Cornwall would have become unprofitable, and must fil^| 
been abandoned, on account of the expense required to bi^l 
them free from water. ^| 

Mr. Taylor says, in his records of mining, that in early timrfv 
the duty of atmospheric engines was equal to 5 miUion potmb fl 

riused one foot high by a bushel of coals = " — . = oeii^^L 

6 millions for 1 cwt. of coal.* ^M 
During the ten years from 1770 to 1760, it appears tli^| 

Smeatoa's atmospheric engines were doing an average dii^<^| 

7 to II millions, ami that Boulton and Watt's engines voS 
Juing about double this amount. About 1785 Boulton V^l 

* The duty given here and in tlic foUonlng pages is alwiji eiqiiMl^H 
in Ibi. r^aed b; I citt. or 112 lbs. of cool. In all llic earlier report* ttj^H 
writings on tbe Eubject of dotf the unit was a aieaaured bnihel of d^H 
wliicli has been variously estimated at S-i to 100 Ibe. in weight. Itiitl^^| 
generally considered, however, tliat Ihc bushel is equivalent to 94 ItM^l^H 
both Lean's and Brown's reports now also give the duty reduced to a cl^H 
oflI2)b«. As this standard is more convenient, and will be betlei JjH 
deistood than the other, I have adapted it throaghout, and whenevet ll^l 
ccsstrj in extracting from the old reports, have reduced the daty to tlui 1 
itandard. I 
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ptroduccd the iniprovemeiit of working steam expan- 
I Coronatl, and at tliis time the duty somewhat in- 
b although the steam was not raised to any higher prea- 
a before. 
I, when BouUon and Watt's patent expired, the best 
t engines in Cornwall were doing an average duty of 
4 millions. After this time Mr. Mardoeh and other 
srienced agents haying left the conntry, a great 
Herioratlon took plaee in the Cornish enginea, and it is said 
JMt in the following year several of the largest engines of 63 
tA cylinders, on Bull's mode of construction, were working 
dth an average duty under 1 2 millions. Soon afterwards, how- 
Wr, owing to the able exertions of Captain Lean, the duty 
il^ to improve at several of the mines, and the example set 
f these produced a beneficial result also in others. 
The following figures show the regular successive improTe- 
llnts of the engines as recorded in the earlier years of Letui's 
^/ortst — 





N-. 


iTtnge 


Avetagp Tut J 




No, 


^ 


AvmgeDiUj 


Yaz. 


P?™. 


run: 




Year. 


Ed- 


Uiilj." 


Vo^n«.' 


812 


21 


23-0 




i 1B28 


5J 


44-1 


91-4 


813 


29 


23-2 


31-4 


1829 


53 


49-G 


91-6 


ai4 


32 


2.1-5 


38'I 


1830 


56 


51-5 


92-8 


815 


35 


2.1-4 


34'1 




58 


51-6 


84'6 


UlS 


3b 


KJ-4 


38-6 


1832 


59 


52'6 


lOM 


1917 


as 


31-5 


49-5 


1 1933 


56 


55-4 


100-3 


1B18 


3fi 


30-2 


4C-a 


! 1834 


52 


56-9 


108-1 


IBig 




31-3 




! 1835 


51 


56-9 


109 1 


1820 


46 


3-tl 


49-1 


1 1836 




55-4 


101-e 


1821 


45 


33-6 


50-9 


: 1837 


58 


559 


103-8 


1822 


52 


34-4 


50 G 


1838 


61 


58-0 


100-2 


1823 


62 


33-e 


590 


1839 


52 


65-4 


92-6 


1824 


49 


33-7 


&1-8 


18-19 




64-3 


972 


182S 


56 


38-1 


&40 


1841 


56 


65-1 


1,21-3 


IS2fi 


51 


36-3 


53-8 


1842 


49 


C40 


127-9 


1827 


51 


38-2 


;i-o 


1 1843 


36 


71-4 





At will be observed, that up to the year 1827, the duty of 
|&|kit engine is seldom more than 50 per cent, above the 



Ktmge duty of bU tbe engines. In 1$27, bovteTer, the sm- 
age duty a( ihc best engine is Dearly double tbc general aieragi^. 
^d in the following year b ratber mom than double. Ttaa 
increase was due to tbc improvements made by Samuel Gnat, 
and to the introduction of a 90-iDch cylinder on ^Voolfs pm- 
dple, which performed a duty considerably exceeding that <^ 
any formei engine. In ihe following years the duty of tbt 
beat engine never appean to double the average duty, allhon^ 
it more nearly approaches 100 per cent, than oO per cent. 
axna of ilib. The duly of the best engine in 1842 appeal 
to be the Inrgest ever recorded for any continuous period, haof 
nearly 128 millions. This duty was performed by Tajlor"! 
&5-inch cylinder engine at the United Mines in Gwemu^. 

The engine* was erected in 1840 by Messrs. Hockiag 
Loam, and was especially intMided lo work more espamrR^ 
than had hitherto been prnclised. The boilers vers 1 
smaller in diameter than usual, and of stronger plate, as 
stand a liigher pressure of steam, the working elasticity " 
fixed at 40 lbs. per square inch above the atmosphere, 
an extra number of boilers vtis provided, in order to ^vGi 
iocrensed proportion of heating surface, and the strength rfl 
working parts of the engiue Bud machinery was augmented! 
withstand the sIruq caused by tlie great force of the steam ■ 
the piston at the commencement of the stroke. In this 
(ou a visit being made in 1841) the steam nos cut off at 
ODC-tcDth or one-twelfth of the stroke, thereby carrying 
the principle of expansion to a greater extent than had 
before been attempted, except by Woolf in his combined 
Under engines, where he expanded it above twenty tii 

The iVilloning is the monthly performance of the 
from Lean's lleport for tlie year 1854 : — 



• Engineer's Pocket Book for 1819. 
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t': 



f 





No. of 


Average 


Duty of 




• 


Eng^es 


Duty. 


beat 


Name of best Engine. 




report- 
ed. 


Million!. 


Engine. 




January 


17 


57*2 


72'0 


Leed's 60-inch. 


February 


22 


54-8 


740 


Mitchell's 85-inch. 


March . 


23 


53-6 


69-0 


Penrose's 8 5 -inch. 


April . . 


23 


54-8 


70-0 


Ditto. 


May . . 


22 


53-6 


700 


Lead's 60-inch. 


June . . 
July . . 
August . 


22 


53-6 


680 


Mitchell's 60-inch. 


20 


52-4 


65-0 


Ditto. 


20 


52-4 


72-0 


Leed's 60-inch. 


September 


19 


53-6 


77-0 


Ditto. 


October . 


19 


52-4 


75-0 


Ditto. 


November 


20 


53*6 


740 


Ditto. 


December 


20 


52-4 


730 


Ditto. 


Average . 


• • 


53-7 


72-0 





This Table shows that the duty of the engines now reported 
r Lean> is much less than in 1843 and the preceding years, 
le present average being 53*7 millions against 71*4 millions 

1843, and the best engines having only a duty of 72 mil- 
)ns instead of 1 14 to 127 millions. The table for 1854 also 
lows that all the engines are more nearly on an equality than 
rmerly, as the performance of the best is only 34 per cent. 
.excess of the average, instead of being 50, and even 100 per 
mi., as in some former years. 

I have been informed, however, that the best engines are 
>t now reported by Lean, the proprietors of some of the best 
igines not caring to pay the expense of having them re- 
orted, although the duty is regularly recorded for their own 
itisfaction, and for the purpose of comparison with other 
Qgines. 

The following is the performance of the engines from 
Browne's Reports for the year 1855 : — 
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No. or 

EngfaMa 

raponoa 


AllMl 

IODmh* 


b«t 


NuMorWrtBBgiM. 


Januarj . 


15 


69^ 


100-7 


Autin'a 804iidi. 


Pebniary. 


15 


70-1 


97-9 


Tceffl7't 804iielL 


Mardi • 


15 


687 


97-4 


Ditto. 


April . . 


15 


68-4 


101-3 


Ditto. 


May • . 


15 


68-9 


100*3 


Ditto. 


June . • 


15 


69-4 


98-0 


ABttin't 804Mdi. 


July . . 


15 


69-1 


99-1 


Ditto. 


Aogmt . 


15 


69-4 


100*1 


Ditto* 


September 


14 


69-7 


101*4 


IKttOb 


October . 


13 


71-6 


100-4 


Ditto. 


NoTember 


13 


71-3 


98-8 


Ditto. 


December 


12 


70-2 


lOOHl 


TraftT't 80.iBdL 


ATerage . 


• • 


69-7 


99HS 





It will be observed that the engines repwied by Bnml 
work with a oonsiderablj greater amount of datj than 
now reported by Lean. 

The average working of Browne's engmes is very neaily efd 
to the highest average of former years, but the duty of flu 
best engine is somewhat less than in those years in irtiA 
Taylor* 8 85-inch cyhnder engine was reported. This eogBt 
does not appear in either of the reports published at the present 
time. Many of the engines reported by Browne were eoo- 
striicted from thQ drawings of Mr. West, and most of theothen 
are under his superintendence. 

The following Table contains the monthly duty of eadi en- 
gine reported by Browne during the last year. It shows tiie 
small fluctuations in the amount of duty for each engine snd 
the average duty of each during the whole year. 
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RELATION BETWEEN DUTY AND CONSUMPTION OF fTJH 

If we know the consumption of fuel in an engine, it is ea 
to convert this into duty. For example, suppose an engii 
requires a lbs. of coal per horse power per hour. The effe 
produced by one horse power is that of raising 33,000 11 
1 foot high in a minute, or 33,000 X 60 = l,9B0,O00ll 
raised 1 foot high in an hour. This result is produced bj 
lbs. of coal, hence the duty for 1 cwt. of coal is 

1,980,000 X 112 
1,980,000 : ''-^ 



a 



112 



Hence we have this rule: Divide 221,760,000 by the cc 
sumption of coal per horse power per hour, the quotient is t 
duty of the engine expressed in lbs. raised 1 foot high bj 
cwt. of coal. The following table is calculated to show t 
duty of engines consuming from 1 to 12 lbs. of coal per hoi 
power, per liour. 



Coniumption 

of Coal per 

. hone power 

per hour. 

Iba. 

1 


1 

Duty in lbs. 
raised 1 foot high 
by 1 cwt. of coal. 


Consumption 

of Coal per Duty in lbs. 
horse power raised 1 foot high 
per hour. by I cwt. of coal, 
lbs. 1 


1 
2 
3 
4 

6 


221,700,000 
110,880,000 
73,920,000 
55,440,000 
44,352,000 
36,960,000 


7 
8 
9 

10 
11 
12 


31,680,000 
27,720,000 
24,640,000 
22,176,000 
20,114,545 
18,480,000 



Put D = duty in millions of lbs. raised 1 foot high ] 

minute, 

221-76 
Then — tt- — = lbs. of coal per horse power per ho 



Also 



22l-;6 X 365 X 24 



2240 



194261-76 
2240 



= 867 



867 



Then -g- = tons per annum for each horse power. 



> 



^^^^^^B» KAIEING WATER. 


m 


or CONDBNStNB ENGINES, TROM IIoUOHTOn's ReFOUT ON | 


BetROIT WATERWOaES, p. 12, AND OTHER Son' 


■ 




SSVfii 1 


hricwt,af™l. ■ 


Ut London M'atcnvorks, single acting Corniali 




Engine, 1836 


105-7 1 


Ho ditlo, Uqgllon anii Watt . 


4G-6 1 


Hilem Mere, nollfind 


30'4 1 


rerBecorseCornish Engines, 1S43 . 


71'5 J 


Ibcinnati direct action 


53-6 -^^J 


iffiilD Coraiib BaU EngincE, IS52 . 


37-»^^H 


Oultan and Watt's noa-cipansiTe RotatiTc Engine 




Albion Milla, London, use .... 


25'^^^^! 


ting Gaiden, Piiiladetphia, 1S32 


24-$^^^H 


lited Slates Dry Dock Enfiine, Brooklyn . 


23'«^^H 


rton, United States 


^l^^l 


4llob Cylinder Condensing £ngine at ditto 


28'7^'^^^H 


Burr FERFOHUED B^ VARIOUS OTHER E.VSIN 


E.. ^H 




^^^H 








I7-^^^^| 


Drnish Engine at Guldthora StationonVolverbanip- 


^^^H 






hlnd Junction Wateritorks Engines in 1849 


iea^^H 


mthwark and V.ushill Engines in 1849 . -. 


604^^^^H 


eardmore'n Eselnplar Cornifili Engine 


83-4'^^^! 


eardmore's Duly of Cornish Engines at London 


^^^^1 


Waterworks 


5S-Z^^^^| 


mej Coniola SO-inc!i Cylinder Engine ol 103 


^^^^H 


hone power, esperimentcd on by Mr. Wicksiced. 


^^^M 


and worked at a power of 2fi ! horses . 


130'2^^^H 


olmbnsh SO-inch Cyfinder = 231 borse*, worked 


^^^^M 


at a power of 62 borses ..... 


122-1 ^^H 


rtimateddnty of 72.incb Cjlinder Condensing En- 


^^^^1 


Jine for Brooklyn Works 


35-»^^H 


Hgines at the Eajt London Works in 1850 from 


^^^^1 


Hr. Wicksteed's evidence 


63-fl^^^^l 


■g^nes at the same works before the use of tbc 


^^^^H 


Cornish Engine 


im 




Ai(Ttg« dills' of Coniisb Enginei from Lran'a Re- 
porter. IS51 S3'7 

DiilT of Ibe Wat Engine from ditlo . . . ;7'D 

Arrrage dulv of Cornish Engino, Browne'* Reporter 

18S5 '. 697 

Duty of (he best Eogiae fram ditto . . . IBM 

I shall now invite nttention to l^o remarkable st^me 
wJiicli linve liefn made willi reference to the duty of' Cora 
cngioes liy two writers who have both contributed mttch vi 
able information on this interestmg subject. The first ii 
statement by Mr. Lean in hia work already referred U 
"That the duty of the best pumping engines in Cornwall: 
exceeds what could be effected, were it ctcu possible to a[E 
the force of the steam immediately to the wafer, 
bered by the friction and imperfection of machinery, or 
loss arising from accidental condensation." The other ati 
ment is made by Mr. Pole in his Tnliiable treatise on 
Cornish engine, and is to the eficA that the steam genera 
in tlie boilers of the Cornish engine ia capable of performiD 
rooch higher duty than that which has ever been reported 
any engine. Thus he shows that when the steam is cut 
at one-SLitli of the stroke, and the steam expanded throi 
the remaining five-sixths, a motive power is produced wh 
is capable of raising 15^,000,0001bs. 1 foot high, bytheo 
sumption of D41bs. of coal; and that, with eight times 
sion, ft motive power is developed equal to 170,000,000. Ni 
although these two statements may appear at first sight 
Tariancc with each other, we shiJl find on examination tl 
this is really not so, but that in fact they are perfectly C4 
sistent one with the other, 

Mr. Lean's statement is founded on the quantity of WC 
which the stram will do when worked altogether without ( 
pansioa ; and doubtless if we calculate the motive force dei 
loped by the steam when used at a simple initial preaso 
without expansion, we shall find it much less than that whi 
18 really produced in the Cornish engine. 
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It. Lean shows, from actud recorded measurements and 
rvations made during sbc months at the United Mines, that 
lbs. of coal will convert 15 cubic feet of water into steam, 
that 500 cubic feet of steam, at a pressure of SO lbs. on 
iquarc inch, are generated from each cubic foot of water.* 
llows that 100 lbs. of coals would produce 500 x 15 = 
I cubic feet of steam at a pressure of 50 lbs. Hence, " if 
steam could be applied immediately to the water at the 
nn of the pump without loss by condensation, while aper- 
racuuia was constantly midntaiucd at the top, the weight 
I 1 foot high by the consumption of 100 lbs. of coal, 
d be 7500 x 144 x 50 = 54,000,000lbs. : while the 

of the best steam engines in Cornwall (although encum- 
i by much machinery) has been known to esceed double 
number." He then proceeds to show that the steam 
I worked expansively developes a great additioa of power 
od that which is due to its first action ou the piston at its 
pressure. The mode of calculating the increased effect 
to the espansion of the steam when cut off at various parts 
le stroke, is explained in a very simple and familiar man- 
both by Mr. Lean and Mr. Pole. It is also to be found 
lany books of a more popular character, where a small 
1 of hyperbohc logarithms is inserted for the purpose of 
ing the necessary calculation. It would be going beyond 
limits of this work to enter on this subject, and we must 
outent, therefore, with referring to the scale at page 236, 
:h shows the efficiency of an engine at different degrees of 
iDsive working. 

' then the steam admitted at full pressure during the whole 
be stroke produce an eifcct of 54,000,000, it will produce, 
n cut off at any part of the stroke, an effect equal to 
This experiment on tlie evaporative power of coal agrees rcmorkablj 

those luBcii; by Mr. Wickilecd at the Eust London Waterworks. 
I laj!_625^ 3-37 lbs. ofwalcr evaporated by enclilb. of cool, Mr. 
luleed found (hat the best Welsh cool would evaporate 9'ID3 times 
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54.000,000 multiplied hy tlie correspoTxling nnmber ia 
abote tcde. Thus, it cat off at one-fiAb, the effect in 
r4 X 2-609 = 141.000,000. 

Mr. Pole takes up ihe subject just vrfaere Mr. Lean I 
off. and alions that the effect due to the steam when* 
expamWely, u mueb greater thaii that ever reported i 
dnty of any Comiah en^ne whateTer. 

He takes foiexample a cylinder 70 iiirhes in diameter, to i 
steam of 45 Ibe. pressure is admitted during one-siith* 
■troke. Using the hyperboHc or Naperian logarithm oi 
the anme way as already explained, he finds the effect' 
would be deyeloped by steam worked at this rate of oqM 
U 154,000,000 ; and in a similar maimer he tinda ibat 
cut off at I of the stroke the effect produced is 170,001 
and with tea times expansion the effect would he 1 80,00( 
According to Mr, Lean the effect produced by cspandil 
3 would be.i4 X 2-792 = 151,000.000 ; at eight ( 
it would be 54 X 3079 = 166,000,000; and at tent 
X 3-303 = 178,000.000. The slight difference be 
the two is accounted for by Mr, Pole assuming the n 
density of water and steam at 4.i lbs. pressure as 1 to 
vbereas Mr. Lean takes the relative densities at SOlbi. 
sure as 1 to 500. The densities being inversely as the 
'S, if one cubic foot of water expands into 500 feet of I 
. ,- „ . , ,. 500 X 50 
at 50 Iba. pressure, it ought to expand into j= — = 

eubic feet at 45 lbs. Mr. Pole's rate of expansion is 
from De Panibour'a tables in his Theor}- of the Steam Ei 
On the whole, it agrees remarkably well with the expeii 
described by Mr. Lean at the United Mines ; and the 
ments made by the two authors we have quoted, must hi 
essentially to confirm each other. 

COST OF KAIBING WATER BY STEAM POWER. 

Mr. Wicksteed has recordeJ the fact, that the espei 
pnmping by Cornish engines at the East London Water 
ia '150 pence per 1000 gallons raised 100 feet high. 



B^iul to 150 pence, or I2s. 6d., foramillion gnllons raised 100 
^t high. 

According to some recent retnrns by Mr. Duncan, engineer 
prf the Liverpool Waterworks, the cost at the most expensive 
tt their pamping stations — namely, at Hothani Street — was 
iMrly £4 for a milhon gallons raised 1 00 feet ; bnt at Windsor 
MMion the cost waa only 13s. If/, per million, and at Green 
lane only 13a, 9d. per million. As these two are the only 
(rtibhsLments that have really good engines and machinery, 
il 18, perhaps, only fair to reject the others, and take the mean 
tf these two. This, accordingly, is 16». lld„ or say 17*. per 
■itlion gallons raised 100 feet high, 

[ The work done by the engines of the Wolverhampton 
Waterworks Company is equal to raising anunally 4'26 million 
'ffUetia 100 feet high ; and the cost of this, in a dis'.riet where 
■Ml ia exceedingly cheap (only about 7*. 6d. per ton), appears 
bom the Company's published accounts to he about ^£750 
• year, or about 35«. per million gallons. This is double the 
■teat of the same work at Liverpool. 

■ The East London Company, according to a return made 
to the General Board of Health, used in 1849 a quantity 
t^nal to 2,121^ tons of coa! at lOs. Gd. per ton delivered, and 
employed an average steam-engine power of 3726 horses, 
WOlkbg 12 hours per day. 
_ 2121-5x2240 

Hence 370-6 v i2x365 ~"'^ ^^"^ horse power per hour. 
The Soulhwark and Vauxhall Company in 1849 employed 
fenr engines, whose united power was eqnol to 355 horses. 
Bid the coals consumed amounted to 8 tons per day on the 
Hrerage of the year. Tliis is equal to nearly 3 cwt, per day 
fix each horse power. The coal had cost for some years 
\3t. ad. per ton, but in 1649 the coal was only 10«. per ton. 
Snppoiing the whole supply of this company pumped over 

"f stand-pipe, which is I80 feet high, the quantity in 
aed 100 feet high will be 

-=4,0G] millions raised 100 feet high. 






Tlie coals used for this are 2,030 toas, costing £1,460, 
ouly nbout '«. for the coals used to raise one million gal 
100 fret liigh. If we add to the cost of the coals the li 
ButD of :£ 1,000 for labour, repairs, oil, tallow, near and t 
&c.,we shall have the irhole cost of a milUon gallons only I 
The establishment of the Southwark and I'auxhall ( 
ly, under the able and skilful management of Mr. Qui 
ipares very favourablv in point of economy with a 

cited, The dnty of the engines appears, f> 
the yirceeding figures, to be very nearly 70 million lbs.. 
1 Cfft. of coal, the coal consumed being barely 3 lbs. ] 
power per hour. This work and the East London, t 
to the informntioa now before na, appear to be about a 
par as to economy of working. 

Mr. Cresv, one of the Inspectors of the Board of Heil 

4<Ki not appear satisfied with this duty : he thinks it ouglit 

iTe been 112 million lbs. lifted 1 foot high by 1 civt. ofn 

■See Mr. Cresy's Report to General Board of Health, pi 

the Evidence before the Parliamentary Commitl 

Metropolis Water Bills in 1851 (Sir James Grahait 

mittee). 

singularly amusing to mark the dogmatic and M 

complaceot manner iu which the proceedings of the 1 

"Water Companies are criticized by the General Board of Ee«l 

and their officers. Amongst other things, the dielun 

invariably assumed Ly this high authority, that one pounit 

coal ought to raise a milhon pounds a foot high; and thatti 

which ia equal to a duty of U2 millions by 1 cwt. of eoal, oa 

-to he the duty of all the engines employed iu the Lon 

(Waterworks. On what ia this dictum founded! We r 

le General Board of Health and their officers, who ll 

industriously employed in circulating thb statein 

the duty which waterworks engines ought to perform, 

preceding pages of this volume, ia which statements 

le actual duty of the best Cornish engines are given ii 

idensed and tfthular form. 



e Grand Junction Company in 1849 lifled 1,289 millioq 

ms, t!ie greater part of it passing over a stand-pipe 21^ 

hrhigh, and consumed 3, 1 70 tons of coal, wliich coat ^2,285. 



Hence ■ 



-=2810 million gallor 



. 100 feet higli at a cost of rather more than 16a. 

1 gallons for coals alone. Adding, as before, .£1,000' 

kbour, &c., the cost per million gallons raised 100 feet- 

I would be rather more than 2.3«, per million. Thia U 

iderably higher than the co^t either in Lirerpool, East 

■r Southwoik and Vauihall, hut is in soi 
mted for by the higher price paid for the coal. 
%e folloniDg estimates of working expenses are taken front. 
r.Hack's evidence before Mr, William Beckett's Committee 
1852 :— 

Bitimate for working 100 horse ponder engine at Hampton, 
l.the West Middlesex Works ;— 



1} tons of Welsh coal per day ^ Ifiiii toas 

annum, at 26i., in the stoke-hole . 
engine workers, tno stokers, and tire 
boBrera, at £9 per week 
■flow, oil, hemp, and snndr; slorea . 
KBcptun to en^e and boiler, and near and tc 



fa,378 15 

^e work to he done here is to raise four million gallonff 
tky 46 feet high, which is equal to a power of 39 horsrf 
uring 24 hours ; so that the annual cost is about 
£6l per horse power of actual work. 

The cost per million gallons raised 100 feet high will btt 
reiy great, according to the above estimate : thus, 
4x46x365 
JQQ — ^=671'6 miUiona raised 100 feet high 

, ^62,378 15«. 
and QTi-R =*3. 11a. nearly, 

for each million gallons raised 100 feet high. 
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Both this and the following estimate by Mr. Htd^ ne 
evidently extravagant. It should be obsenred, that tboi 
are not in the same category as the estimates usually broo^ 
by engineers before Parliamentary committees. The objed 
here was not to show the committee how cheaply the ^ 
could be done, but rather to impress them with an idea rf 
the great sacrifice which the West Middlesex Company vm 
going to make for the public benefit by removing thor f oib 
to Hampton, and erecting an additional engme at Bamff 
Hill. No one can fail to be struck with Ihe amount p^ 
down in these estimates, both for coals and labour. 

Estimate for working a 75 horse power engine for the Weit 
Middlesex Works at Barrow Hill : — 



Coals, 75 H.P. x 24 x 4 lbs. per H.P. per hour, 
= 3 tons 4 cwt. 1 qr., say 3^^ tons per day, at 
24». per ton «= JC3 18». ; and this for 365 
days 

Two engine workers, at 40s. per week 

Two stokers, each at 26*. per week . 

One labourer and engine cleaner, at 2 Is. 

Tallow, 10 lbs. per day, at 6d. . 

Oil, 1 pint per day = 46 gallons, at 5s. 

Yarn, hemp, flax, and sundry stores . 

Wear and tear of machinery 



1,42S 10 

208 






135 4 





54 12 





91 5 





11 10 





25 





50 






JE1,999 1 



or about £26 10*. per horse, reckoned on the full power ( 
the engine. 

867 
Using the formula (see page 262) to derive from the dut 

D 

the coals consumed per annum for each horse power, I find th; 
the smallest consumption of coal in any engine reported I 
Browne in 1855 was at the rate of 8 tons 16 cwt. for each hor 
power of actual work. This is the consumption by Austin 
80-inch cylinder engine at Fowey Consols. The largest coi 
sumption by any engine in the same report is 20 tons 9 cw 
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for eacli horse power; and the average of the 

a pumping eugiaes is 12 toos cwt., or a little 

ton per month for eacli horse power. The coal 

ilie Cornish engines is understood to be the hest 

capable of evaporating from 9 Iba. to 10 lbs. of 

;h pound of coal. 

examine for a moment the expense of the best 

aigine as compared with the worst. Taking as 

rking at 250 horse power, and assume that the cost 

oil, tallow, and small stores is the same for each, 

^ difference is in the coal alone, and assume the 

16a. per ton. Accordmg to the above figures, 

le worst engine costing for coal alone 



difference ngflinst tlic wont CDgiae JC2,3BQ 

expense of an engine is the original price added to 
cost capitalized, say at twenty years' purchase. 

each engine to have cost originally 5625,000, then 
le following comparison ; — 



tlpenBea, 4Ii0x20 



expcascB, 17G0 k 20 

« in favour of the best engine 

one engine will coat in the end 
the other. 
Rnparisons of a similar nature might be made ; but 
sufficient to draw attention to the fact of the 
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immense consequence inVolved in what is called the daty< 
an engine and its corresponding consumption of coal. 

The following table shows the quantities of oil and 
used for eleven Cornish engines during the last year, comi 
from " Browne's Engine Reporter." 



Average Horse 


Oil consumed 


Oil used per 
Tallow consumed, horse power, per 


Tallow luedfs 
horse power, w 


Power employed. 


in quart*. 


in lbs. 


annum, in 








quarts. 


annum, in Qk. 


33-6 


64 


767 


1-9 


22-8 


140-5 


329 


3994 


2-3 


28-4 


169-1 


351 


2886 


21 


17-1 


77-6 


104 


1560 


1-3 


20-1 


33-3 


51 


920 


1-5 


27-6 


124-6 


240 


2450 


1-9 


19-7 


76-5 


98 


980 


1-3 


12-8 


81-5 


86 


1963 


11 


24-1 


111-3 


137 


2000 


1-2 


18-0 


49-3 


109 


1620 


2-2 


32-9 


37-3 


105 


540 
Average 


2-8 


14-5 


1-8 


21-6 



Hence it appears the consumption of oil by the Cornish 
engines is equal to about 1*8 quarts per annum for each horse 
of working power, and that the consumption of tallow is qual 
to 21 -6 lbs. per annum for each horse. 

In order to show how this mode of calculation will work out, 
and to compare it with the known expense of raising water at 
certain establishments, let us take the case of a 150 horse 
power engine, working night and day throughout the year, 
and compute everything at the most moderate price possible. 
The annual working cost of such an engine will, on the pre- 
ceding data, be about as follows : — 

Estimated expense of 150 horse power Ck)rnish engine, 
taking coals at 10*. per ton : — 



150 X 12 = 1800 tons of coal at 10s. 
Wages, say ^9 per week, for 52 weeks 
Oil 150 X 2 = 300 quarts at Is. 6d. 
Tallow 150 X 22 = 3300 lbs. at 6d. 
Yarn, hemp, flax, &c. . 



£ 

900 

468 

22 



8. 



5 



82 10 
50 



d. 
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150 X 33,000 = 3,950,000 lbs. raised one foot high 
395x1440x365 „„_„ .„. 
^y = 2,0/ G inillioii gallons, 

FlOO feet high in a year, then - — = 14*. 8rf. per 

V gallons, the price at Liverpool being 1 6*. according to 
, and 12s. 6d. nt the East London Worlo, ac- 
Eordingto Mr. 'Wicksteed. Of course, if we take the price of 
llXml »t n higher rate than lOj. per ton, the cost of pumping 
■ill be proportionably increased. There are few places in the 
kingjom where coal of such quality as that used in the Cor- 
nish engines can be procured for 10». per ton; and if we hare 
M inferior coal, of course the consumption will be more than 
lua been assumed in the abore calculation. 

It is remarkable that the average duty of the Cornish 
Wgines, as reported by Browne for the last year, and on which 
the preceding calculation is founded as to consumption of 
tot), corresponds almost exactly with what is understood to 
bethe duty of the best pumping engines, now employed at the 
London Waterworks, namely about 70 millions. It will not 
ie safe, therefore, in calculations for waterworks engines, to 
Twkou on a higher duty than tbia ; and as a consequence, it 
must be assumed that the consumption of coal, equal in quahty 
to (hat used iu Cornwall (namely, capable of evaporating about 
S times its own weight of water^, will be about 12 tons per 
ounim for each horse power. 

The following estimates of working expenses were made by 
IJr. Hocking for the Wolverhampton Waterworks, in which 
tlw quantity to be pumped was 1 J million gallons a day. 

The estimate was required in two forms, namely for raising 
^ millions in 24 hours, ond in 12 hours. In either case, 
"WBerer, a part of the work was to be done in 6 hours, 
limely, the pumping of the whole 1| million gallons a height 
Uf 22 feet on to the filter-beds. For this Mr. Hocking recom- 
"lended a 36-incli cyhnder engine and a 38-inch pump ; stroke 
"f engine and pump each 9 feet, aud 9^ strokes per minute. 
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Hie odwr two lifts 299 fret and 148 fret^ nuAang togetha 
447, exduiiye of the frkitioa throiii^ the pnmpiiig md^ 
which was estimated at 15 fret additiooal for eadb Eft n^ 
sing the work done ia 24 hours, and at 4 times this qoantjlj 
or 60 fret, sappoong it done in 12 hours. 

For one of these stations Mr. Hodriiig leoommended a N 
inch cylinder engine and 19-ineh pnmiH with 10 fret stnM 
for each, and making 8^ strokes per minute. For Ihe ettit 
station he recommended a 454ndi cylinder engine and 19M 
pump; Iffingth and number of strokes aa helbre. TUiwi 
for doing the work in 24 hours; if to be done in 12 
the engines and pumps were to be in duplicate. 

11k. Hockixo's Estikjltb« 





14 ailEoa gdbns 
bMboun. 


1| ■SBan pBiM 
in It koan. 


One S6-iBdi cy- 
linder and38-inch 
pump. One 60- 
iBchditto,andl9- 
inchpump. One 
45.inch, and 19- 
inch pomp. 


One Sd-indi cf- 
linderand384iidk 
pomp. Two 60- 
indi cylinder vd 
two 19-in. pumps. 
Two 45-inch cy- 
linder and twol9- 
inch pumps. 


Cost of Engines and Pumps . 
„ Buildings . 


£ 

13,200 

7,600 


£. 

21,800 
10,800 


20,800 


32,600 


WEEKLY WORKING EXPENSES. 

Coal at 88. per ton 

£nginemen*s wages 

Firemen's wages . 

Occasional assistance . f . 

Tallow, oil, hemp, and yam 
for packing, waste and small 
stores .... 

Perannam 


£ *. d, 

16 8 
8 10 
3 16 
1 10 

3 10 


£ 8, d. 

20 
8 
2 
2 

4 18 


33 14 


36 18 


£1752 8 


£1918 16 
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The work to be done for raising the water in twenty-four 
boors is equal to 158 horses, and for raising it in twelve hours 
■bout 163 horses ; so that the annual expense per horse power 
in the one case is about ^11 28,, and in the other ^11 1 5s, 

Xhe price is also rather less than 13^. per million gallons 

aiised 100 feet high when the work is done in twenty-four 

jhonrSy and about 13^. 2d, when the work is done in twelve 

!lKmrs. These results agree remarkably with the price of 

ijwuipiii^ given by Mr. Wicksteed for the East London Works, 

%HDcly, I2s. 6d. per miUion gallons, and also with the cost of 

qpBBdfpiiig at other well-managed establishments in London. 

* The cost of working engines of course will vary vrith the 

""pice of coal, which may range even for the same quality from 

7t. to SOs\ per ton. The price of labour, oil, tallow, yarn, &c. 

iviQ also influence the working expenses. The usual price of 

oil is from 5«. to 6«. pfer gallon, tallow 6d, to 7d, per "So, 



I ■WATERWORKS OBTAINING A SUPPLY FROM 
RIVERS AND STREAMS. 



Sonne of the priocipRl towns in this couutry are snpp 
from the rivers in their immediate neighbourhood. 
of the ten companies whicli coatrihute to feed the Metre 
with water derive their supply entirely from rivers ; 
general terms it mny be taken that 32 millions out of tt 
million gallons which are daily consmned in the Metropolis U 
pumped lip from rivers, while the remaining 18* millions Bf 
derived partly from rivers and partly from springs. 

Amongst the principal towns in England which derive tE 
greater part, and in most eases the whole of their supply frJ 
rivers, are York, Penrith, Darlington, Newark, Derby, i' 
tingham, Chester, Worcester, Norwich, Exeter, and Plymon 

Tlie South Staffordshire Works, which have just been « 
menced, afTord an example of a modern work on a very 1« 
scale taking a supply from a river. The works are deai|ii 
to aflord water to a congeries of towns grouped together 
South Staffordshire, forming what is called the Pottery Distri 

The syslem of pumping water from rivers hs 
much adopted in many foreign works, especially in 1 
Prussia, aud the United States. 

Much has been said in favour of a supply from large ri 
on sanitary grounds. The water is usually softer than i 
derived from wells, springs, aud small streams, and cor 
a less amount of mineral salts than either of these, a 

" The New River Company lakes ratlicr more than half its 
supply, or about 9 million gallona, from the river Lea, so that in i 
Diore tbaa four-gfths o( all the water consumed in tlie Metropolis U 
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Hne time that it is commonly more impregnated with organic 
imitter. A large river flowing over many geological formatioas 
bud many different varieties of soils, may be naturally expected 
pB take np in solution a variety of mineral matters, and there- 
BiK to present a. greater number of ingredients than nater Je- 
ered from a more limited area ; and this we generally find to 
be the peculiar character of river water. 
. It seldom happens that the water of a large river can be 
e available to supply a town by gravitation. Rivers, nsu- 
Py occupying the lowest levels of a country, have in most 
1 to be pumped ti> a considerable height, and it seldom 
take the water at a point so far above the town that 
It will flow by gravitation, wifhout the necessity for pumping 
UaU. 

' The New River Company, it is true, brings in 9 or 10 mil- 
a day from the river Lea, taking it at a point more 
3 miles distant from London, and at a height of nearly 
t above high-water mark in the Thames, "With this 
, nearly the whole of the remaining consumption of 
ropolis — about 40 million gallons a day^has to be 
I a height of about 200 feet, in order to afford 
eight for supplying the more elevated parts of 



The volume of water carried off by rivers is csceedingiy 
Tuious, de[>ending on many conditions, such as the basin which 
tiiey draiii, the rainfall, the nature of the soil over which they 
Sow, &c. In the larger rivers of England the volume of water 
ijao great as to render them adequate to supply any quantity 
likely to be required for many years to come by the whole 
population seated on their banks. From 300 to 360 million 
gallons per day may be taken as the lowest summer discharge 
of each of the three principal rivers in England, the Thames, 
the Severn, and the Trent, and there are several others which 
nearly approach this quantity. Of course the discharge in 
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wiutcc and in seasons of flood is much greater. The {oOm 


^g Tefy TuluoUe tabic has been published by Mr. Bew* 


■htrtrmg the summer discharge of rarioua rivers, BtreaiB 




also coutains many other useful particulars, na the gea 


(ormMions through which the rivers flow, their height 


the sen, ami the proportions which their tolal discharge 




Tohune of discbnrge benrs, in certain cases, to the tola 


ftllof the district. 
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■RDd. OErord clBV. ooUles. &e. . 


«to 7011 


J,0B6 


40,000 


12-98 




ScTem, at StOQCbeDCh— silurian . 


400to2,60a 


3,900 


33,111 


B'49 J 




rr«sn(. «t ilB niDiith—ooliliu and 












Oxford dar .... 


100 to 600 


3,921 






Uddon (Feb. 1850), ertcn^Di . 


now 700 


221-8 


aioDo 


i3'U i 




Seue, at Peterborough— oolites, 








" 




Oxford clay and lias 


10 to 60( 


sao-o 


5,000 


8-45 1 






20Dta 500 


29-2 


1,500 


Sl-i I 




[^,>ltLeal)ridKe~chalk.(Rei]mc, 












April, i79fi.) .... 


30 to GOO 


d70'0 


B,8B0 


15'58 




Wandle, below Carahalton-clialk 


70 to 360 


41-0 


1,800 


i3-9 ■ 




MedWBy. driest aeasons (Itennie. 












1787)— cUy .... 




181'5 


2,209 


i-50 : 




Ditto, ordinarr .ammer run (Ren- 












ni«,17B7)-day . . 




481-5 


2,520 


5-23 
U-9 




Vmilam, at Bushey Hall— ebalk 


iVoio 500 


I20'8 


1,800 




Glide, at Unnlon Bridge— chalk 


ISO to 500 


69'5 


2,500 


38-2 ' 


^ 


Plyn., at Sheepstor— granite 


^00 to 1.500 


7-C 


500 


71-1 |J 


i 


Some of the results ia this table 
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f observatioD. It appears the Thames, the Severn, 
, the Medway, and the Neae, which flow over a 
(riety of surface, many of them httle absorbent, all 
a the middle of summer lesa than one-eighth part of 
)ge annual rainfall. Contrasted with this are two 
, the Mimram and the Wnndle, which each dia- 
^ftt lowest Bummer level nearly haif the total average 
This shows very clearly the influence of the springs 
^nliicb such rivers arc mainly fed, Kivers flowing in a clay 
IHu are only fed by the rain falhug within the actual basin j 
ltd as this rain evaporates very slowly in winter and very 
l^iidly in eummer, such rivers are subject to great winter 
tods and to severe summer droughts. The flow in chalk 
^Bricts is, however, much more uniform, because the rivers 
K fed by spriiiga as well as by surface drainage ; hence the 
bter stored up in sublemuieau reservoirs is discharged by 
ptlk rivers even in the driest seasons. In fact, they draw 
fcnr supplies from areas beyond their actual basin, and their 
Ik^^ is much more uniform throughout the year tbaa in 
Host other rivers. 

It is probable that tiie two other chalk rivers in Mr. Beard- 
Itoe's table, namely the Verulam and the Gade, are not bo 
^Bgely fed from springs as the Mimram and tbc Wandle, the 
tennner discharge of these not much exceeding that of the 
ifcy rivers. 

VOKKE OaTAIMNG A SUPPLY FROM DRAINAGE AREAS. 

There are certain geographical and physical conaideratioas 
Wnnected with this subject which it will be proper to allude 
D before noticing some of the most n a kabl wo ks of this 
3»d. A flat, low-lying country is Id n w II adapted for 
he impounding of water by embankin a s th valleys. 
n such & district long and shallow eml ankm nt vrould be 
squired, and these would cause the wat to sp ead out over 

great area with a very shallow depfl llnd h e circnm- 
bmces the water is apt to vegetate and become highly impure. 
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Again, in the low-lying districts of flat countries the r 
seldom nearly so great as in upland districts, so tht 
larger drainage areas most be sought. The water p 
also much more valuable as the falls of rivers become Ic 
a much larger compensation is claimed by millers for th 
abstracted for economical purposes. 

Nearly all these conditions are reversed in the elevate 
tricts and among the older rocks, considered geological 
contrast with those of the secondary and tertiary format 
It follows, from these considerations, that most towns sit 
in low and flat districts are supplied from neighbouring ri^ 
while those in more elevated districts, such as the great ma 
facturing towns of Yorkshire, Lancashire, and some in Sc 
land, are chiefly supplied from water impounded by embu 
ments across the valleys. 

In addition to the general configuration of the valleys, whii 
ought to be deep, and with precipitous sides flanked by loft 
hills, there are several other points which require attentive ex 
amination in projects for collecting water from drainage areas. 
These are, 

1. The area of the watershed. 

2. The geological character of the soil as afiecting it^ capa* 
city to absorb rain and to allow the infiltration of water througl 
it. 

3. The character of the surface soil or covering of the di* 
trict, as affording soluble ingredients, which may be taken u\ 
by the water and serve to contaminate its quality. In thi 
point of view districts of decomposing peat, districts of arabl* 
agricultural land richly manured, and places thickly covere< 
with population, are often highly objectionable. 

4. The rainfall of the district, and especially the minimuii 
all in any one year. 

5. The nature of the surface soil as affording facilities fo 
rocuring puddle and constructing retentive reservoirs. 

6. The consideration of compensation to millowners, aiM 
ssibly to landowners, where the water is used for irrigation 
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lolo^cal structure is est reraely important in estimating 
ity of a draiunge area. It is not aloue the rain ivhicb 
the sloping surface of the hills and finds its way by 
ition to the lower levels, hut the effect of springs is also 
very great in augmenting the quantity of water. Mr. 
relates an instance where aa oolitic district was 
knd discharging a very large Toluine of water with scarcely 
K drainage area lying above or beyond it. In this case the 

ri strata, with a very small dip cropping out on the 
of the valley, were delivering the water which filtered 
fl them far beyond the limits of the drainage area, as indi- 
icd by the levels of the surface. In fact, many districts will 
found to have a geological drainage area as well as a surface 
liiuge ; and it often happens that the former is far the most 
eporlant of the two, 

ly drainage areas are also ralleys of elevation, in which 
ita dip in opposite directions on opposite sides of the 
In this case it is evident that much of the rain falUng 
ous surface will insinuate itself between the partings 
strata, and flow oiT in a direction contrary to that of the 
drainage. In this case we shall have the converse of 
quoted by Mr. Beardmore, namely very large drainage 
yielding a very small volume of water, and therefore very 
lequate as storage ground. 
In the actual esamination and investigation of drunnge areas 

P' possible case will be found. Some will yield only the 
tity due to the surface drainage, and will be uninfluenced 
fcf spriogs either one way or the other. Some will yield in 
BdditioD spring water which has been absorbed within the true 
ilnunage area, and other districts wiU yield spring water from 
I more distant drainage. A fourth watershed will yield far 
teas than the quantity due to its own area and slopes, owing to 
be peculiar dip of the strata, which has been already alluded 
to. All these points require accurate and Tninute investigation 
In every special case. Nor is this sufficient. The actual dis- 
diirge of water Ly the streams must be gauged day by day 
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for several years, and compared with the indicatiOBS oC » nil 
gauge, kept as near the site of the drainage area u poaNUl 
If the quantity of rain which has fallen during a series of y«i 
he known, it is not essential to have the streams ganged don^ 
each of those years. The gauging of one, two, or three yei 
may he sufficient to establish the proportion between niifa 
and actual discharge. This proportion must then be applk 
to the minimum rainfall in any one year in estimating theofi 
bility of the reservoir. 

It will be seen in the following table, chiefly taken firom M 
Beardmore's valuable work, which has been so often alladi 
to, how variable are the proportions which obtain between tl 
whole rainfall and the available quantity which can be cdlecb 
in storage reservoirs. 







Depth of rain 








per annum 


Fn>p<tttiM« 




Registered 


flowing off the 


perceatttcd 
laiaikUdMi 


NAME OF DRAINAGE AREA. 


rainfall 


■uxfaee as as- 




per annum. 


certained by 


flows off the 






gauging of the 


saifut. 






streams. 






inches. 


inches. 


per cent. 


Bann Reservoirs (moorland) 


72- 


480 


•66 


Greenock (flat moor) . 


60- 


410 


•68 


Bute (low country) 




45-4 


23-9 


•53 


Glencorse (Pentland Hills) , 




370 


22-3 


•60 


Belmont (moorland) 1843 . 




63-4 


50-7 


•80 


1844 . 




50-0 


33-3 


•67 


1845 . 




550 


41-2 


•75 


1846 . 




49-8 


33-2 


•67 


Rivington Pike . 




55-5 


24-25 


•44 


„ from Stephenson's 








Report (1847 & 1848) . . 


63-6 


400 


•63 


Turton and Entwistle 1836 . 


46-2 


410 


•89 


„ f, 1837 


48-2 


390 


•81 


Ashton ..... 


40-0 


15-5 


•39 


Drainage areas on south side of] 




ri5-5 


•29 


Longridge Fell, near Preston, > 


54- 


< 180 


•33 


May 1852, to April 1853 J 


• • • 


^220 


•43 


Bateman's Evidence on the drain- 








age area of Longdendale . 








First half of 1845, very dry . 


21-2 


13-5 


•64 


Second half of 1845 . . 


386 


27-25 


•71 


Firsthalf of 1846 . . . 


22-5 


17-5 


•78 


Oct., Nov., & Dec, 1846. . 


10-2 


8-67 


•85 
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J proportion appears to range from one-tliird to four- 
|Vof the whole rainfall. 

fc.Jreceding table represents the depth of raiu falling per 

Von certain drainage areas, and in the next column the 

t rain which will produce the actual quantity flowing 

3 and rivulets of the diafrict. The difference 

Uti>e two depths in each case is composed of the fol- 

e loss by evaporation and the moisture entering into 
life. 

I amount ahsorbed hy the soil, sinking into the 
ind not afterwards given out hy springs within the 
area. 

bird column of the table shows the percentage of tlie 
^fftll which can be collected. 

Kwlcesley is said to have made experiments on an 
loo square miles, wliich showed that 43 per cent, of 
^ rainfall could be collected in wservoirs. 
irrat found, as the result of three years' experiments 
r, that 67 per cent, of the whole rainfall could be col- 
el delivered in the town. 
B Tcry accurate experiments were made in America, to 
) proportion between the rainfall and the depth 
lich could be collected to supply the reservoirs of the Che- 
pCanal. These experiments were made in Madison County, 
fcw York. 

One experiment was made on the watershed of Eaton Brook, 
I area of 6.600 acres, with a steep slope, and a compact soil 
sderlaid by hard greywacke rock, elevated 1350 feet above the 
Ib. The quantity of water flowing off this drainage area was 
teurately gauged every day for a period of two years, and was 
Hind to amount to 66 per cent, of the whole rainfall. 
Another experiment was made on the watershed of Madison 
(rook, an area of 6,000 acres, 1,'iOO feet above the sea. The 
lopcfl here are not so steep as in Eaton Brook valley, and the 
hil is gravel, resting on greywueke, It was found in this 
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case that 50 per cent, of the whole ndnfii]! was earned off i 
the streams. 

Experiments were made at two statums on the 
gromid of the Albany Waterworks. At the first 
having a watershed of 3,600 acres^itwas found that firomi 
till October indusiTe only 411- per eent. of the rainM 
carried off by the streams, bat in the other aiz months, 
November till April inclnsiTe, 77*6 per cent, was so 
This was in the year 1850 ; bat in the yery next year, II 
the streams carried off, between May and October ii 
no less than 82*6 per cent. 

On another area of 8,000 acres the streams carried oi(i 
July to December indosiye, 33*6 per cent., and from 
to Jane indoriy^ 53*6 per cent. 

The following tabl^ showing the capacity of 
proportion to drainage area, is taken partly from 
and partly from other sonrces. 







Reaemnr 


■ 




Drainage 


Room per 


TMvloplM 


NAME OF RESERVOIR. 


area. 


square mile 


of itlMlHW^a 




• 


in millionarf 


millioaiff 1 




Square milet. 


cubic feefc. 


cuhieftikj 


Greenock. 


7-88 


38 


300 1 


Glencorse (Edinburgh) 


600 


7-66 


46 1 


Belmont . • • • 


2-81 


26*8 


75 1 


Rivington Pike. 


16-25 


296 


481 1 


Turton and Entwistle 


318 


3143 


100 J 


Bolton • • • . , 


•80 


256 


20 1 


Sheffield 


1-42 


365 


52 


Ashton • • . • . 


•59 


210 


12 


Longdendale . . . . 


23-8 


123 


292 


Proposed reservoir for Wolver- 








hampton Works . 


22| 


•7 


16 


Albany Works, U.S. . 


29 


11 


32 


Dilworth reservoir of Prestoi 


I 






Works, Lancashire 


•092 


540 


5 


Homersham's estimate of 24,00C 


1 






cubic feet of reservoir to eacb 


I 


* 




acre of drainage . 


1 


15-36 


15-36 
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J5ie RiTOigton Pike reservoir is to contain 3,156 million 
Ions, and is to supply Liverpool with aa average of 13 mil- 
i gallons ft day, besides 8 million gallons a day to millers, 
^ice it is calculated to hold 150 days' average supply. 
Bie compensation reservoir of the Gorbah Gravitation Works 
I the supply of part of Glasgow, contains 12 miliioa cubic 
if and covers an area of 30 acres. 

Kite other reservoir covers an area of 40 acres, and contains 
Ctaillion cubic feet of water, or about 80 days' supply. 
The reservoir of the Bolton Works contains nearly 21 million 
Uc feet, aad has to supply 900,000 gallons a day, so that it 
tds 146 days' supply. 

[The Belmont reservoir contains 75 million cubic feet, and 
p to supply nearly 3^ million gallons a day, so that it con- 
'ps about 13(> days' supp!}', 

ttbt Longdeudale reservoirs for Manchester are to contain 
S million cubic feet, and will furnish a supply for Manchester 
koluding the compensation to millers) equal to 74 days. 
'She reservoirs of the Preston works are four in number, at 
Rerent levels above the town, varying from 448 feet to 50 
lt> They contain when full 1 67 millions of gallons, or about 
it A year's supply for the population of 80,000 persons. 



fiateman's Compensation Reservoir at Longdendale has an 
taof 123f acres, and contains nearly 155 million cubic feet. 
he embanknient is 2/ feet wide at top, and 4 feet high above 
ip water ; inside slope 3 to 1, outside, 2 to 1. 

His Crowden reservoir has an area of 18 acres, contains 
8,433,600 cubic feet, the embankment is 15 feet wide at fop. 



4 feet high above surface of water, and the same slo] 
Compensation reservoir. 

The embankment for the impounding reservoir of 
Croton Waterworks for supplying New York is co 
earthwork, with a base of 375 feet. Behind this ia 
roasonrr, S feet wide at top and 65 feet at the I 
mesonrv is biiilt upright on the upstream side, or tl 
ing the earthen embankment, but with occasionni ol 
outer faee of the masonry has a curved form, so as ' 
water over without giving it a direct fall on the a{ 
foot. The apron is formed of timber, stone, and co 
eitends some distanee from the base of the masont 
afford protection at the point where the water has t 
force. 

A lower dam has been built at the distance of 
below the masonry of the main dam in order to ( 
form B basin of water setting back orer the apron a 
the main dam, in order to break the force of the w 
on it. This lower or secondary dam is fonned of roi 
bnishwood, and gravel. 

OF THE GORBALS GRAVITATION- 



The Ryalt's Lynn, or upper reservoir, which hold 
pensation water for the millers, covers 30 acres of g 
has a capacity of 75 million gallons, the surface of i 
300 feet above the Broomiekw quay at Glasgow. I 
by an embankment about ■^50 feet in length, with i 
the centre of 40 feet. 

The lower or Waukmill reservoir covers an area c 
and has a capacity of 38 million cubic feet. It is 
on embankment about 550 feet in length, with i 
hdght ofSS feet. 

AMERICAN- WORKS. 

The dams constructed by Mr. McAlpine for th( 
of tlie Albany Works were 1 feet wide at top, and y 
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Heet ftbove top water line. The slope on the outeide b 2 

l.and the inside has the same slope to the bottom of the 
ndait, where a berm of 5 feet wide is made, and thence to 
e bottom of the dam is a slope of 3 to 1 . The inner slope 
the bank ts pitched with stone to the level of the bottom of 
iconduit, and the top and outer slopes are coTered with turf, 
nrash the bank is carried up a puddle wall, 8 feet wide at 

top, and increasing in width at the rate of 4 feet for every 
feet of depth. 
lis dama for the reservoirs of the Brooklyn Works are 20 

wide at top, and carried np 5 feet above top water line. 
I slope on the outside is 2 to I, and on the inside 3 to I . 
a the centre of the bank ia a puddle wall of clay, 8 feet 
a at top, which is 3 feet below the top of the dam, and in- 
aing Id width at the rate of 4 feet for each 10 feet of depth. 

■ top and outer slope of the dam are covered wilh turf, and 
inner slope is protected by stone pitching to the level of 
conduit. 

[reat precautionB are necessary in the construction of large 
lankments for the purpose of impounding water. An accn- 
esBinination of the ground is essential, to determine whe- 

■ the seat of the embankment requires puddling, in which 
the puddle of the seating should be perfectly joined, and 

ked into the puddle trench carried up through the middle 

he bank should be formed in layers not exceeding 2 or 3 
in thickness, and shouid be kept higher at the aides, espe- 
y the outer side, than in the centre, and every means should 
ftken to consolidate the materials and prevent slips. A jn* 
JOS examination of the material to be used is also necessary, 
ny kind of clay approaching iaits natuie to 'fullers' earth' 
Id be highiy objectionable, owing to its property of being 
d on by water. 

Ir. Thorn, of Glasgow, who has had great experience in the 
^miction of these works, recommends that the embonk- 
wald have a slope of not less than 3 to 1 on the water 
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iid«. He do«s not approTe of puddled trenclies in thi 
but after tscavaiiug the foundation to such a depth 
finn, ani! prercnt the passage of water, he forma the 
■preaHing: alternate Injers of puildled peat or alluvial a 
graTel, beating thcni well with wooden dumpers till 
completfl; mixed. He then covers the slopes with 
made of small stones or furnace cuidera mised with ch 
to prevent tJie jiossibiliU' of moles or other vermii 
iuto the embankment. Mr. Thorn refers to ma 
he has constructed in this way without puddle tren 
Greenock, Paisley, and elsewhere. 

CCJBT or IMI'OVNDING RESERVOIRS. 

This has been very variable, owing to the great i 
prices, which in some cases hare not exceeded 6rf. 
yard for the bank, while in others the price Las been 1 
following are some examples showing the cost of larg 
Toirs, including every expense of earthwork, puddling 
ing, waste-weirs, valves, &c., but esclusive of laud. 

Bateman'a Crowden reservoir, to contain 18,493,6G 
feet of water, to cost £10,100, or £361 per million eoj 

His Armfield reservoir, containing 38,755,536 cubic 
cost £17,065, or £-138 per million cubic feet. 

His Hollingworth reservoir, containing 12,348,l()l 
feet, to cost £5,500, or £458 per million. 

His ArmSeld Moor reservoir, containing 13,07S,5f 
feet, to cost £9.100, or £623 per million. 

His Tetlow Fold reservoir, contaimiig 8,849,310 en1 
to co»t £6,500, or £722 per million. 

All the above are connected with Mr. Qateman's Li 
dale Scheme for suj^plying Manchester, and appear to. 
mated at fair prices, the enibaukinents being taken at 
cubic yard, including puddle. 

His large compensation reservoir for the millers is to 
154.573,420 cubic feet, and to coat £11,250, or at th< 
only £73 per million feet. This is so much at Tano^ 
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pothers, that there must be something peculiar tn account 

, One most either conceive a remarkably favourable con- 

a the valleys to admit of such an. enormous volume 

r being dammed ap by a comparatively small embank- 

ftor assume that a lake or body of water already exists at ' 

D question, aud that the proposed embankment will 

e its volume to the extent indicated by the figures. 

e Mill reservoir, on the Preston Waterworks, cou- 
s 20.934,824 cubic feet, and was estimated at 365625, or 
8 per million feet. 

I Enowl Green reservoir, on the same Works, contains 
) cubic feet, and was estimated at ^4,288, or ^612 

Be preceding examples the prices appear to range from 
than ^6700 per million feet ; this great differ- 
ing chiefly caused, not by the difference of price, which 
mie in each case, but principally by the variation 
e and form in the valleys, some of which admit so much 
idily than others of water being stored up. Most of 
mples arc taken from districts of millstone grit, where 
[Leys are deep and the sides precipitous. Wlien embnnk- 
le across valleys of a more open character, and 
bitter slopes, the cost of water stored up will evidently 
h greater. 

■OCNDING RESERVOIRS WITH DAMS OF MASONRY. 

e have not been much used in this country, but have 
li extensively adopted in France by eminent engineers of 
' that country. Mr. Conybeare, in his Report on the supply of 
*Wer to Bombay, quotes three examples of large stone dams 
executed on the Canal du Midi and other canals in France. 
These' dams vary in height from 40 to 70 feet, and are con- 
Sfracted according to a formula given in the Aide-mhnoire, 
and which is commonly followed by the French engineers. In 
this formula the thickness of the wall is made as follows ! — at 
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bottom »e»en-tentli5 of the height, at middle five-tenlhs, 
at tnp tlitee-teoths. 

These dams of masmny, it is beheved, irouJd be much d 
espcnnrc than earthworks in this country ; and fVtim » t 
[Ntrntive esiimate made by Mr. Conybeare for his own ( 
of tlie Bombay Works, he found that while a dam of maw 
would cost £23i) per yard forward, one of earthwork m 
only cost jCIOI). 



EThis is the name given to the small reservoirs holding 
t to three days' supply, which are constructed in the imme 
neighbonrhood of a lown. The most useful kind of s( 
resenoir is one situate upon an eminence at a snfticient hd 
to giie high pressure over the tops of all the houses, So 
times however the service reservoir is at such a low level ' 
the water has to be pumped up from it. Under all arc 
■lances, however, the contents of the service reservoir wil 
Rvailable in case of any accident happening to the main •! 
supplies it, or to any more distant part of the works. 

Service reservoirs, as formerly eonstmcted, were eomrai 

mere open ponds, either with upright or sloping sides, t 

either with concrete, brickwork, or masonry. The smi 

principles of the preseut day, however, seem to require t 

all events in the neighbourhood of large towns, the 

:e reservoirs should be covered over with a roof cdtkw 

ick or stone. The advocates of covered reservoirs not 
their favour the advantage of preserving the water 
from soot and the atmOBpheric impurities of large towne,. 
they also insist strongly on the superiority which tha 
possesses in other respects when stored in covered reserYi 
The principal of these are the uniform temperature and 
freedom from vegetation, which ia found to be a serious S. 
ance, especially in water from the New Red Sandstone, 
losed to the action of air and light. 

The construction of covered service reservoirs 
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. aeries of parallel walla on piers is built fhrougli 

ir, and between these nrchea are turned, of half a 

e brick in thickness, aeeording to the span or dis- 

Ktneen the piers. The arches are either semicircles 

of a drcle. Other covered reserroirs are 

fcted by building parallel rows of brick, iron, or stone 

, which support cast-iron girders, and from these 

,he arches spring, as before. 

t of covered reserroirs varies from 30s. to £^ per 
i gallons of capacity. One of the cheapest covered 
8 which have been constructed ia that of the WoNer- 
a Waterworks at Goldthom Hill, from the designs of 
This reservoir is in two parts, containing t(^e~ 
K) gallons, and the cost, exclusive of land, is said 
e exceeded 562,200. 
red reservoirs, with solid brick piers, appear to be 
9 expensive than those built with brick arches 
iron columns and girders. 
I fc^owing trial estimates, made in my own ofSce for 
s at the same schedule of prices in each case, 
w the difference : — 
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e of the best and most recent examples of elevated service 
roirs is that now being erected by Mr. Simpson on Putney 
'%tatb, for the new Works of the Chelsea Company. 

In the works designed by Mr. Simpson for this Company there 
is an obvious advantage over the schemes of the other London 
Companies, namely that the water is pumped up to an inter- 
mediate summit reservoir on Putney Heath, capable of con- 
taining 10 million gallons, and from this reservoir the water 
|nTitat«s to all parts of the Chelsea district. The spot se- 



With brick arcUes 


Witli Ijricli arcliijs 


on briik piers and 


on iron colnlnns 


cross walls. 


and girders. 


. £ 2696 


£2920 


3589 


39.17 




Icctml for the reaervoir b the highest grounU on Putoej 
hang situate immediately on the nest side of the OU 
mouth Road, and al^o adjoining the west side of the 
Wiinhleilou to Fulham. This part of the heath is i 
milea from Seething Wells, near Thames Ditton, wt 
new supply is to be taken from the river Thames, and i 
above the river al that point. 

The Works at Pulney Ileath will consist of a doable 
reservoir, lo contain filtered water for the domestic 
tion of the district, and of a smaller open reservoir, to 
unfiltered water for the supply of tlic Serpentine, and 
tnaiu pipe for the purpose of watering the streets 
covered reservoir will be in duplicate, each part having 
at the water surface of 310 feet by 160 feet, and 
20 feet, the sides all round having a slope of 1 to t 
gives a mean area of 2{I0 feet by 140 feet, and a ca| 
5,0/5,000 gallons for each part, inclusive of the spai 
pied by the jiiers. Hence the whole capacity may b 
as stated by Mr. Simpson in his Evidence, at. 10 miB 
loos. The sides of the reservoir are cut out in the 
steps, which are filled up with concrete to a uniform 
1 to I . A bed of concrete one fool in thickness is also I 
the whole bottom. £ach half of the reservoir is corei 
8 brick arches, averaging rather less than 20 feet s] 
eide arches being each 20 feet span, and the others II 
inches. The piers, supporting these arches, are hnilt, 
ways, and are each 310 feet long at top and 270 feet 
The arches are each one brick in thickness, and are 
over with a layer of puddle, the haunches being filled 
concrete. The piers are carried up 14 inches thick, 
division wall between the two parts is rather more tbij 
thick, with a concrete slope of li to I on each aide. ' 
inch piers supporting the arches arc built with large i 
hollows 17J feet diameter. The centres of these circii 
lows ore 40 feet apart, ao that sohd brickwork 23 feet 
left between the circular hollows, supposing a horizon 



I .taken through the centres of the hollows. Each of tile 
feet spaces bus a l-I-incli counterfort carried out at right 
iee. These counterforts occur at intervals of 26 feet and 
feet alternately, and project 6 feet wide at the base on each 
( of the pier, and run out to nothing at the top or springing 
.he arches. In each of the 13-feet spaces between the 
Dterforts there is a smaller circular hollow of 5f feet dia- 
er. The arches spring from skewbacks formed of carefully 
■Ided bricks, perforated longitudinally witli inch hollows, 
ae bricks are made by machinery expressly for the purpose 
Kings ton- upon-Thames. The versed sine, or rise of the 
les, is 4 feet 3 inches, or rather more than one-fifth of the 
1. Each arch is provided with two openings in the centre, 
imnuicating with a line of 12-iuch earthenware tubular pipe, 
ch passes through the spandrils, and communicates with 
brated iron tops in the division wall between the two parts 
lie reservoir. By this contrivance the space above the 
BT in the covered reservoirs is effectually ventilated. 
Tie supply-pipe from Thames Dittoa is 30 inches diameter, 

comes into each part of the reservoir at the level of top- 
er, which is a few inches below the springing of the arches. 
this level a waste weir or overflow is fixed, to prevent the 
rvoir from being filled too full. The exit mains to London 
list of two 24-iuch pipes, and they pass off from the hot- 

of the reservoir, which has an inchnation in one direction 

in 20, and a fall across of 6 inches. The surface of top- 
er in the reservoirs will he 1G3 feet above Trinity high- 
er mark, the highest part of the district to be supplied being 
len's Eoad, Kensington, where the houses stand on ground 

feet above Trinity high-water mark, and where the ground 
mediately beyond the houses is 145 feet high. To supply 
if these houses a stand-pipe, 45 feet in height above 
Bce of the reservoir, will have to be erected. 



CloMly ndjoining tb«se corered reserroirB, and on tl 
■ode of theni, b the open pond to coutain ihe unfilteiedf 
flushing sewers, wateriiig streets, and supplying the Sc 
b H;de Park . The area of ibis reservoir is 1 94 feet bv 
at top. The depth is 12 feet, viith concrete slopes <^ 
Hence the mcnii area is 172 by 86, and the capaci' 
full, somethiug more than a tniilloD gallons. The su] 
into this reservoir is IS inches diameter, and entei 
bottom, diachargiDg through two openings fitted wit 
which open only to admit the water, but will not i 
run back. The entering pipe b coutinued vertical to 
nboxe the surface of water, in order to admit of the 
ftir, &c. The surface of water iu this reservoir is 6J £ 
that in the covered reservoir : this is to produce 
efficient dischai^ through the 12-inch pipe which 
London. 

The 12-inch discharge pipe goes off from a orculai' 
5 feet below the floor of the reservoir, which has a fal 
of 18 inches. The depth of water is therefore 12 ft 
upper part, and 13^ feet at tlie lowest. 



There are two distinct methods of constructing thei 
of which the various kinds of filtering material are ; 
compartments side by side, while in the other kind 
bed the materials are jilaced in successive layers one i 
otlier. The first is the method commonly adopted in 
as used for the Gorbala Works, and for the Works ai 
Balmaraock, and other towns. The Scotch system of 
is also that which has been adopted by Mr. Wri^ ir 
Works which he is executing for the town of Prestoi 
cashire. The other mode, namely that of filtratio 
scent through successive horizontal layers, was first bi 
England by Mr. Simpson for the Chelsea Works, 
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■ce been followed in all those numerous English Waterworks 
r *hich filtration is practised at the present day. 

Scotch System of Triple Fillraiioii. 
L^be filters of the Gorbals Gravitation Worts of Glasgow 
, perhaps, the best example of the filtration through 
lapartments. They were designed to filter about 3 million 
per day, but the quantity is gradually increasing, hav- 
n 2,!)04,000 in 1853, and 3,274,000 in 1854, with a 
iDcrense during the last year, 
►llie filters are situate on the brow of a hill about 330 yards 
mt from the Kegidating House, and the water is earned 
g the sloping surface of the ground in an arched stone cul- 
fel, which is laid on a dead level all the way. The culvert is 
kt-bottomed, 4 feet wide and 4 feet high. 
\ Tae filters occupy a rectangular space 360 feet long by 80 
bet wide. The length, of 3G0 feet, is separated into two com- 
^■rtaients by a division wall, and the breadth, of 75 feet, is 
linded into three spaces on each side of this division. The 
Wxa may be described, tbcrefore, as a double range of three 
(smpnrtments, each range being 180 feet long and 75 feet 
lide. The first compartment, or that nearest to the delivery 
Revert, is 15 feet wide and 4^ feet deep, being filled with 
tnlcen freestone. The second compartment is nearly 34 feet 
tide, and is filled with gravel to a depth of 3 feet. The third 
■Hnpartment is 34 feet wide, and is filled with coarse sand to 
idepth of 2 feet. The bottom of all the three compartments 
n each range of filters is on the same level, and was thus 
mpared', — the bottom, after being excavated to the proper 
Itplh and well levelled, was filled with one foot of puddle, and 
n this was placed a layer of small stones or very coarse grarel, 
rittch was well beaten in, to form a surface proper for the re- 
leption of a layer of cement one inch in thickness. 

On this layer of cement rows of brick on edge are laid, one 
neb apart longitudinally, and 10 inches apart from centre to 
enne, measured transversely. On this open groundwork of 
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bricks rests a close-set flooring of tiles, one inch thick, palii c 
forated all over with holes one-eighth of an inch in diametoLi! 
This foundation is the same for each of the filter-beds, biitdA[|T 
material with which they are filled is different, as alidKb 
stated. The broken freestone in the first compartment ii i^tg 
pieces about the size to which road-metal is commonly 
namely such as will pass through a 2|^-inch ring. The 
compartment contains screened gravel, and the third coni 
coarse sand procured from the larger Cumrae Island, in the 
of Clyde. The culvert which conveys the water to be 
approaches at one comer of the compartment filled wiik 
freestone, and passes along the whole length of the two 
at the back of tliis compartment. This part of the cuheiti 
a rectangle, 4 feet wide, 2^ feet high, and is covered over by 6- 
inch flags, through which pass the screwed rods of a series 
sluices with adjusting nuts at the top. Each range of filteni 
provided with 10 sluices. The openings of the sluices arekng 
and narrow, so as to admit the water in a thin sheet on to Afl 
surface of the first or coarse filtering compartment. 

Between each of the filtering compartments is a passage, 2 
feet wide, and extending the whole length of the two ranges of 
filters, in which the water rises up to its original level, after bff- 
ing passed down through the filtering medium. . There is also a 
similar passage between the third or final filtering medium and 
the pure water basin. Each of these passages is provided with 
twelve sluices, to admit the water from under the filter-beds. 
The process of filtration will now be readily understood. The 
water passing from the regulating valve-house through the col- 
vert already described, proceeds along at the back of the coarse 
filtering medium, and, the sluices being open, it spreads gendy 
over the surface of broken freestone, through which it perco- 
lates with considerable freedom. Having passed through tias, 
it finds its way, by means of the perforated tiles and the open 
brick channels on which they rest, into the first passage, where 
it rises nearly to the level of the first filtering bed. At this 
level it pours over in a thin film on to the surface of the 
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or gravel filter, the top level of which ia IK inches 
* than that of the freestone. Here it goes through the 
B process as before, and then enters the sand filter, which 
n b 1 8 inches helow the level of the gravel . Finally, hav- 
passed through the sand filter, the water rises in the third 
Uge and falls over into the pure water basin, which consists 
tiro compartments, each 180 feet long and G6 feet wide. 
t tide walls of the pure water basin have each a batter of 
tet on the Inside, so that the breadth at bottom is reduced 
60 feet. The depth of water is commonly about 16 feet. 
( dupUcate arrangements of the filters and pure water basins 
rd convenient facihties for emptying and cleansing at any 
a, without interfering with the progress of the Works. 
lD ingenious arrangement is adopted for cleansing the filter- 
I by means of an upward current of water, which carries 
impurities that have been deposited up to the surface of 
bed, where they are floated off to the drains. This cleans- 
current is brought by a G-inch pipe from the level of the 
ert before it discharges into the first filter-bed. The 6-inch 
I passes under the division wall between the two ranges of 
n, and a stop valve branches off mto each of the first com- 
ments. When it is desired to cleanse by means of the 
ard current the first compartment of the filter-bed, the 
!es communicatinB between it and the first or adjoining 
age are closed, The same movement of the spindles which 
99 these bottom sluices opens those at the top, and the 
ard current of water, carrying with it the deposited matter 
jd with the broken freestone, is taken off by a drain which 
es tinder the division waU. In the same way the second 
third filters are cleansed by the ascending current, which 
Imitted to them by openuig the bottom sluices, and allow- 
the current from the (i-iuch pipe to enter tbc filtering bed 
le bottom. 

Filter-ledi of the Chelsea Waterworks. 

x-beds at the old Works of this Company oi 



B«ukk were conatnicted about the year 1839, snd Uie 
■■ A model for most of tluwe nliicb hace since bei 
■tnwtcil. 

The filter-beds are two in number, the southern w 
nctangul&r, 240 feet loDg bj' 180 feet wide, aud the i 
one 3Ji feet in extreme length by 180 feet iride. 1 
t«r-beds haie an area of 9000 yards ; and taking t 
a^ daily quantity filtered in 1S53, the area appears 
the rate of one square yard to 1)26 gallgns. The sidi 
filtcr'beds are embanked to a height of 12 feet a 
oatHTBl surface of tiie ground. The slopes are cove 
turf. The bottom is paddled with clay 18 inchea j 
In the northern filter-bed arc nine brick tunnels, at 
aouthem elereu, which are laid upon the clay puddle 
tend from one end of the filter-bed to the other. £a 
Immela is 3 feet in diameter and IS iudies thick, 1i 
every alternate brick lell out, so as to leave a free pe 
the waler into the tunnels. The brick tunnels are 1 
rounded on all aides, and covered ovet to the depth 
with coarse gravel. Above this ia a layer of 6 incbes 
upon this a bed of coarse sand, and then a bed of i 
The depth of the beds above the gravel is about 5 
deposit of 2 or 3 inches iu depth is formed on the t 
requires to be washed off at inten'als. This operatic 
formed in a few hours, and tlie intervals at which it is 
depend on the action of the wind and tide. The ws< 
mitted iuto the filtering ponds by a number of opentnf 
sponding with the valleys or hollows iu the filtering 
the brick tunnels being also laid in these hollows. ' 
ment deposited on the surface of the sand requires to b 
off twice a week in the summer-time, and about on 
days in the winter. From a qnarter to half an inch i 
scraped off each time with the sediment. When the 
the Bftud is reduced by this process to about a fool 
supply of sand is addod. Nearly 3OO0 cubic yards 
sand are annually required for this purpose. 
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5 of water iu tiie filtering beds b about a foot 
be bottom of tlie settling ])ond3. 
water afcer filtration passce through a culvert to the 
wellj whence it is pumped into the mains for distri- 

filter-beds are provided with weirs about 4 feet wide, to 
.he water into a culvert in case it should rise in the fil- 
led faster than it can be filtered. 
Works at Thames Bank will very shortly be abandoned, 
nipony having inidertaken to construct entirely new 
at Seething Wells, above Kingston, from which point 
«r will in future be token. Owing to the courtesy of 
npeoD, the cngiiieer-in- chief of the Chelsea Company, 
s most kindly permitted access to all the Works of the 
ay and to the working drawings, 1 am able to give a few 
lars of the depositing reservoirs and filter-beds now la 
UA Seethmg Wells. 

Works at Seething Wells. 
(positing reservoirs and filter-beds are constructed 
e side of the river, in a long narrow strip of ground 
r between Raven's Island and Thames 
P^The Lambeth Works occupy the southern extremity 
Strip, and the Chelsea Works arc being made close to 
nd occupying the northern extremity. The reservoirs 
sr-beds arc boimded on the west side by the river, and 
east by the turnpike road leading froni Tliames Ditton 

Jiepositiiig Reseiiioiis. 
bstantial concrete wall has been built alongside tlie river 
whole extent of the Works, This wall is about 2 feet 
9 vride at top, with a batter on the face of about 2 inches 
;; at the back of the wall ore substantial counterforts, 
4 feet apart fi'ora centre to centre. The two deposit- 
e each 272 feet by 22G feet at top, while st^ 
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bottom the dimenalona are 24 feet less ia each d 
njunely 2-i3 by 20J feet. The reservoire are 12 feet deep, b 
the usual depth of water in them wiU be 8 feet; the mean u 
of each being '2o5 by 214=55570 square feet, the capacityt 
each at B feet deep nill be 2,778,500 gallons. 

The le»el of water in each of these reseiroira will be si 
aa that of the ri^er, the water being simply admitted throug 
a pipe opening in the concrete wall, so that there is no liftinl 
the depositing reservoir, as at the old Works at Thames Bml 
The aides of the reservoirs are formed of substantial concnl 
walls, having a slope of I to I towards the inaide, while tl 
out»de is formed in steps, so arranged as to make the avi 
rage thickness of the mass of concrete about 3 feet. 11 
bottom a also lined nith a small thickness of concrete. Tl 
work is situate in a diluvial covering of the London Clij 
and the excavation extends several feet into the solid Ua 
clay containing scptaria. No puddle is used for the wjDl 
the concrete beiug merely placed upon the steps cut out of tb 
-day. 
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Owing to the peculiar shape of the site to which these Worli 
are confined, the two filter-beds are not each in contact wiA. 
one of the settling reservoirs, but the whole four are placed in 
a row thus ; — beginning at the north is, first, reservoir No. I| 
then reservoir No. 2. filter-bed No. 1, filter-bed No. 2. 
filteiing beds are each 300 feet by ISO feet at the surface, bannj 
an area therefore of 45,000 square feet each, or in all 10,0( 
square yards, — about the same capacity as the filters at the ot^^ 
"Works. The sides of the filters are formed, like the reservoirs, 
with concrete slopes of I to 1. The surface of water ii 
filtering beds will he about 3 feet above the bottom of ti 
settling ponds, in order to allow a certain depth for d 
The depth of water above the filtering material will be g 
rally 4 or 5 feet. The filtering material ia composed as fl 
lows, beginning at the top; — 
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! sand, tbe surface of nhicb trill ocnuionalif be 
Bcrsped off, no that the thu^kaeaa nill be reduced, but '^ 
at first it will be formed of a Ibjckaess equal to . . 2 fi 

Shells, consisting of perfectly clean bleacbed cockle, tcl- 
lina, and otber shelb, from Sbellness or eome simiijir 
iMys or havens 6 

le gravel, Tarjiug in depth from a few inches where 
T the perforated pipes to about two feet where 
Md between them. 

T the filtering material tbe water drains off by mi 
norated tubular pipes, stretcIuDg across tbe filter-bed, 
mmmiicatiiig with a central iucUned cbanuel. Each 
Bontains on either side of tbe longitudinal centre draia 
iws of transverse pipes. The pipes forming these trans- 
Plines are of three sizes, namely 6 inches, 9 inches, and 
■9 diameter. Each row begins at the side of the filter- 
nth 6-iiich pipe, aud terramates at tbe centre with 1 2-iaeh, 
it by which the size of the pipe is rudely pro- 
pned to the quantity of water which It has to carry off. 
ingement, in fact, represents an arterial system of drain- 
tt which the area of tbe pipes at successive points is pro- 
kiRte to the quantity of water passing through them, 
e tubular drain-pipes are made iit lengths of 2 feet, with 
1 are bedded on small earthenware chairs, which 
keep them in position, in tbe same way as the socket 
If socket joiiLis, which are sometimes used for the same 
parpose. Tbe pipes are perforated all over with |-inch round 
holes; and when laid iutlie chairs the butt ends are not laid close 
together, but with a space between tliem of half an inch or 

The pipes are made at Bristol by Messrs. Pountney and 
Gioldiicy, from a description of fire-clay found in the ueigh- 
boarhood. 

The pumping station is on the opposite or north side of the 
read leading from Thames Ditton to Kmgston, so that the pipe 
conveying the filtered water to the engine well ia carried nttder 
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and across the Toad. The engines are to be four in nun 
of a milled horse-power equal to GOO horses. These 
lia»e lliirieeu boilers. 

The numerous filter-beds constructed by Mr. 
at Leicester ami other places, are usually designed with 
area of I square yard for each 700 galloas of water to be 
tered in twenty-four hours. 

The kind of filter adopted by Mr. Hawkesley is rimilir 
those which have been described in Mr. Simpson's wotts, i 
prlncipic bein^ that of degccnt through horizontal beds. 

We liavc seen that the surface of filter-bed at the oldChd 
Works was at the rate of 1 square yard to 626 gallons. I 
Batcmnu is understood to adopt a proportion of 1 square y\ 
to every (iT3 gallons of water filtered in twenly.four hours. 
the filter of the Works for Chester, however, Mr.JBatemaup 
poses only 953 square yards to filter <)60,0OU gallons aday, 
at the rate of I yard to 1(1(17 gallons. Mr. Lynde, at Nc 
has adopted the rate of I square yard to 5 13 gallons. In U 
Gorhols Works at Glasgow, where the filtering material ii ' 
three separate eontpartmcnts, the proportion of the whole « 
face is 1 square yard to 1135 gallons; while Mr. Vngg, 
I'reston. adopting the aame system of triple filtration, has t] 
proportion of one square yard to flSli gallons. 

The cost of eonstnicting filter-beds ranges probably in 
1 8». to 30*. per square yard. The following is the result 
detailed estimates made in my own oflice for filter-beds in cc 
nection with the Wolverhampton Waterworks, calculated (n 
a uniform scale of prices : — 

£. 
FiUer-bedii coutsining an area of 5,625 sciuare yards, cal- 

ciililed to pus 3 million gullonB in !'1 baurs, wonld cost TS4S 
Fillct-bcd> cnnlaining Bnaru of 2813 square yard:, calm- 

laled to paaa I] mtllion gnlluiis in 24 boon, would coat S79I 

'he cost of working filter-beds, comprising the attendant 
dtourers, scraping, cleaning, and restoring sand where m 
iBually estimated at about lOs. per million gaUons i 
water passed through. 
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^^Bis is on operation which comes frequently within the pro- 
TCtee of the hydraulic engineer, sowetimeB to determine the 
qpiantity to be relied on for his own works at various seasons 
of the j'ear, and frequently as involving and coaiiceted with 
^estions of compensation to millers, laudownerB, and others, 
for water to be abstracted from existing streams. 

Large volumca of water are frequently conveyed in artificial 
open channels for the supply of towns; and the method of de- 
lemiining the relations between the quantity delivered, and the 
section and inclination of such channels, is of course one which 
•.cUims particular study and attention. 

TOiere are several methods of gauging, the nature of which 
nay be briefly noticed. 

1st, The method of determining the discharge from the 
uea and inclination of uniform channels. This method is not 
j^pltcable to ordinary rivers, but has often to he adopted in 
finding the discharge of new cuts, or chaimels made to convey 
nmter either to impounding reservoirs, or from these to the 
town for distribution. The New River is an example, on a 
large scale, of a work of this kind. 

2nd. Gauging by means of the surface velocity in the centre 
«f the atream, 

3rd, Gouging by means of sluices or orifices. 
4th, Gauging by means of current-meters or other instni- 
nuuta for observing relocitics at various depths; and 
6th. Gauging by means of weirs. 

1. Motion of TTuter in Uniform Open ChanneU. 
The French writers CoiUorab and Prony have shown that the 
Telocity of water moving in channels of this kind may be 
derived from the equation 

U I = a U + i U2 . . . (5) ; 
in which R represents the hydraulic mean depth, at the quo- 
tient derived in dividing the sectional area of the water by they 
wetted perimeter or border. I represents the inclination or 



^Bl GAt'GING OF RIVERS AND FTRRdUS. 

tall of the surface-wftteT* per foot run, and U the veiocily 
feet per seconi), it and b being coefficients which have to be d 
trrmined by eipcrimeut. 

During three-quarters of a century this problem has engag 
the Attention of some of the moat able intellects of Fram 
Ocrmany, and England. 

Among those nho hate experimented on the subject i 
Du Bust, Coulomb, Prony, Bossut, Couplet, Dr. 
Girard, Woltmano, Fimck, and Briinning. Some 
writers, as Kytclirein and Weisbach, have chiefly content 
themselves ^vith reducing and comparing the esperiments 
others, end founding upon them formulae of the highest ts] 
for the purpose of hydraulic calculations. 

Eytelweia especially, in his ' Handbuch der Mechanik undd 
Hydraulik' (Berlin, 1801), has rendered essential senicein tl 
department of practical science. AAcr reviening all the e 
periments that had been made on the subject of water fit 
in uniform channels, he shows that the mean velocity is VB 
newly -fi of n mean proportional between the hydraulic me 
depth and twice the fall in feet per English mile. Let H 
the fall in feet per mile, then 

U = i? V2RH . . . (6) ; 
or the velocity in feet per minute irill be 5A^ times the 
root of the mean hydraulic depth multiplied by twice the i 
in feet per mile. This is the rule by which Mr. Beardw 

* Dn Biiat, Pionv, and the other French writers commonly lue nlul 
called the hydraulic incIinatiaD, ai iurface slope of the n-ster, in thai I 
mulic. la short lengths ol canal or pipes this ii not ta be coolbmii 
with the incliniitioa of tbe pipe or chaanel, u it may fary coniidera 
from this. In long lengths, howflver, say upTTOrda of 100 feet, ihe 1 
dr«uUc inclination may be taken to he the same as that of the hotloni of 
the channel. Mr. Neville has pointed out the distinction between tho in- 
cliaalion of pipes aud the tei-m '■hydraulic inclination" in the int: "^ 
lion to hia Hydranllc Fo^^lula^. He there shows that serious crrofi 
heen made hy applying Du Buafs formula: to short lengths of pi 
"'"'''■ "" "'""" of 'be pipe has been confonaded with the hydran 



^H GAUGING OF RIVERS AND STREAMS. 305 

^^bmpnted the table of velocity aud discbftrge for arterial 
[Bins and rivers io liis escellent work entitled 'Hydraulic 
ibies.' The only difference is, that in order to faciUtate cal- 
ibtion, he has taken 55 as the muUipher instead of W" ^ 
(•54, which would be the exact multiplier derived from Ey- 
lirein'a valuable formula. 

,Let it he required to compute the velocity and discharge of 
diannel having the following dimensions : — 
■■Width at bottom, 12 feet. 
Sde slopes of channel, 2 to 1. 
, Depth of water, 7 feet, 
llaclination or fall, 3 inches per mile. 
Here the area of water is iT+Ti x 7 = 182 feet. 
The wetted perimeter is 12 + 2 ^/li^ + 7^ = 43-3 
' Then B = ttv— "^'^i the Lydrauhc mean depth, 
Also H = -25. 

Then 55 v'4-2 x -25 x 2 = 55 x 1-414 = 78 feet 
imte for the velocity, and 182 X 78 = 14196 cubic 
^charged per minute. 

Mr, Neville, m his Hydraulic Formulas, gires the 
edification of Eytelwein's equation : — 

u = 5eo4v'as (7), 

^e S is the natural sine of the inclination or ---. This 

ntliila gives the same result as Equation G, which latter 
irever has the advantage of being more easy to calculate, 
eoce we may take the velocity in feet per second to be 
[^2 RH; aud per minute U' = Vt V2 liU . , . (8). 
This formula is also apphcable to pipes and culverts both 
Foular and oval, whether running full of water or with any 
IS quantity ; but is not apphcable to pipes imder pressure, 
ich as those employed for carrying water from a steam-engine 
faaa a stand-])ipe for the supply of towns. 
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2. On Gmiging Bierrt by mmu of the Svrfaee Vekdlj it I 
Centre of the Stream. 

The relation between the mean velocity of water in a chm 
And thftt of the surfnce relocitr in tbc centre, is &uotha ■ 
Ject whicVi bns long engaged the attention of hjdnmKfl 
'aincers. Among those who have experimented on tlie sob; 
''~ Buat and Prony are again in the 6rst rank. Dn B 

crated on n canal wliose section was tolerably nnifomi, M 
(angular and Eometimes trapezoidal, whose grca 
brtadth was about 18 inches, and depth from 3 to 9 indie 

Proiiy, using the results derived by Du Buat m ' 

^experilneutal ehannel, established the empirical 
V =pi + ^?np. »h.,. U »d V „= in »,«™, p» 
Ooud, V beiog the mean Telocity per second and Y the sot 
Telocity per second. This equation, reduced into FngHsli t 
becomes U = ItV + 7-783) _ _ _ 
V + t0'a45 
Mr. Neville has used this formida for calculating the i 
in small channels. Prony states, that for surfaces 
ics less than iO feet per second U may be taken si 

= -816 V (10), 

but that the formula is only to be taken as a simple erapii 
rule, subject to modification according to the section andd 
of the channel to which it is applied. 

Eeceiit esperiments which have been made with great ] 
nuleness by M. Baumgarten on the river Garonne, and on 
canal between the Rhone and the Rlitue, are scarcely i 
satisfactory. In these experiments, which were made ir 
nds varying from a foot to 25 feet in depth, it was H)f 
determine the surface, bottom, and mean velocities at a n 
ber of vertical lines across the stream. 

Putting V for the mean velocity in any vertical line, ■ 
for the anrface velocity, M. Baumgarten found for a navi 
lal, with earthen slopes varying from 2 to 6 feet in i 
903 V, and for smaller canals he found e = '9) 
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Soiieaii * is of opinion, after reviewing tliese ejcperi- 

it« of Baumgarten, that for cnnals of all kinds, provided 

BCCtioR be uniform, the mean of these, or more simply ^ 

surface velocity, may be taken as the mean velocity in the 

vertical line. 

applying this rule to a wide river or canal, it is of course 
y to determine the maximum or surface velocity at a 
of pomts across the stream ; so tliat it does not dis- 
(bk with the use of bydrometrieal instrumeuls. It may 
Ivrever serve much to diminish the number of observations 
laiidi would otherwise be required in deep canals. 
With reference to the mean velocity for the entire section of 
Btnaro, Uoileau, in lib work already quoted, gives some ex- 
mments, in which he finds the values of U for small depths 
tt exceeding a foot vary from "785 V to -SGo V. 
In the 'Annales des Fonts et Chaussees' for 1848 M. Baum- 
irten gives a table of mean and observed velocities at various 
iptfas for twenty-two sections across the Garonne. The author 
Mnpares his mean velocities with those calculated by the for- 
nila of Prony, and finds the latter too great, — a result directly 
pposite to that established by Boileau for his largest canal 
tone foot deep. Baum gar ten concludes, that for large sections 
Ujdi as those of rivers) with irregular banks, the velocity is 
liy four-fifths of that determined by Prony, so that instead 
m = -816 V, it should be U = -653 V. 
Mr. Beardmore, in his work already -quoted, has a table 
towing the mean velocity corresponding with surface velod- 
es, varying from .'i feet per minute up to 950 feet. This 
We is calculated from the formula U = V-l-2-5— ^'5V. For 
nrfaco velocity of 5 feet per minute he gives a mean velocity 
t 2'50, 80 that here U = 5 V ; and for his highest surface 
elocity of 930 feet, the mean velocity is 883-(i, so that here 
r ^ •930 V ; and so in proportion for intermediate velocities. 
Mr. Neville bns calculated two sets of mean velocities, both 

•ft de U Mesure dee Eniu Courautei. Par P. Boilcnu. Porta, 1851. 
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whidi differ considerabty from Beardmore's. One of 
U^r clinnnels. is based upon experiments by Tiimi 
!, wul Briiniiing, and u calculated from the 
'835 V. The other, na before explained, is calcuIaM 
the formula of Pronv, nhich for measures Id Englisii 

■ Wl».bc.«,„.lI = v(?|?9-LI) . . . (11) 

Accordiog to this latter table the mean velocity carrespool- 
iag to a surface velocity of 5 feet per minute, is 3"75 feet) 
whereas Mr. Bcardmore makes it 2'5. For 600 feet per 
the highest surface Telocity in the tabic, the mean is 524 fed 
per minute, Wr. Beardmore's corresponding velocity being 548. 

On the wliole, it must be confessed this is a subject on nhidi ' 
no very striking agreement in opinion is to be expected. Not | 
only do tlie experiments and fomiiilgc of separate authors differ ■ 
from each other, but even those of the same differ wnong 
themselves, and vary to an unusual extent. 

Although I hove thought it necessary to bring into joitfr ■ 
position a few of the most prominent and leading facta 0<^l 
uected witb this subject of surface and mean velocities, it i>l^| 
be observed that tliis method of gauging rivers is by no me^H 
a desirable one, and should never be adopted where the n^l 
certain modes of gauging by means of sluices or weirs cait^H 
followed. In large rivers, however, it wiU often be tmpno^l 
cable to gauge in any other way than by taking velocities! i«H 

■ when the estrenie surface velocity has been ascertained, witli 1 

■ proper precautions, as accurately as possible, it must be w- ] 
r 'duced to the mean by using one or other of the coefficients ot J 
I TBlues of V ; when this mean, so reduced, is multiplied by &l^ 
ft«rea of water-way, taken in the same dimensions as T, mn 
WnBult will be the discharge of the river in terms of V, in ^d 
Bill I — unit of time for which the velocity V is taken. ^H 

■ When no other mode of gauging is practicable, except ^H 
Kby means of surface velocity, a part of the river should be^H 
plect^d where the channel is most straight, and the section n^H 
B-luiifonn and regular. Several accurate sections acrosa the riwB 
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^ then be made, from whicli the area of water-way must 

■ computed. Stakes are then to be dmen down 

B. distances of 10 or 20 feet apart; and if the river iar 

s desirable to have corresponding stakes on each aide 
Priver, and a pole erected at each stake, in order that a 
standing at each pole and looking across to the one 
f opposite, may note the exact time at which the float 
i the imaginary line joining the corresponcling poles 
>at used should be n leaded cork, an orange, or somi 
Ebody only a little lighter than water, so that it will be 
bmerged, and present very little surface to the 
Kdon of the wind.* A number of observations should be 
Uen at a season of perfect calm, in irhich there b no wind to , 
iSaturb either the water or the float; and an average surface 
rdodtj haviug been obtained from these, the mean is to be 
alculated from one of the formulte already given, and multi- 
fijed by the area of the tiver, to find the discharge aa before 
ttplained. Mr. Beardmore observes: "The moat useful in- 
Anunent for getting velocities where a float is not applicable, 
thd where an under current is probable, is the current meter 
tiOnied by a vnne in the Archimedean form, carrying an end- 
less screw, which turns a wheel divided on the circumference, 
bi ganging by velocities care should be taken to ascertain that 
lie current does not underrun at the place of observation." 

* Some of the Freucli experitncntcra have used common nofera for the 
leiti in very delicate experimcnla, while others have mnde use of small 
tdrieal pieces of onk, with a easily in one aide for putliDg in lead to bal. 
Kt or weight the n-ood ; others have used small balls of nsa hallasted 
tith lead. Tliey icenmmend eererol precautions, which arc not commonly 
itended to iu practice. Some of these hate reference (o the extent to 
rilieh the float should be submerged ; and for this they recommend very 
hallow floats, iu order to attain a true surface velocity, and not one at a 
mill depth below the sarface. Other precautions refer to the buoys to be 
Ixed in large rivers, or the Makes to be fixed on the banks at right angles 
a Uie current of the river. They insist further, that a body floating on the 
wftce of a current has at first a velocity greater than that of the water, 
ind that the velocity ought not to be taken for the purpose of calculation 
wlU the float is observed to pass through equal spaces in equal times. 
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3. Gauging of Water pauing tknmgh Shdcet or Orifice 

Dr. Hutton and other writers on mechanics hare sb 
that, independently of friction, I. The velocitj of water p 
ing through a sluice is equal to that acquired by a heavy b 
falling from the surface of the water to the centre of the oril 
2. That in any single unit of space, as a foot or an inch, 
velocity per second expressed in similar units is equal to ti 
the square root of the force of gravity. 3. That the vela 
acquired in falling through any height is as the square roo( 
the height fallen through. Now let h represent the height 
space fallen through, v the velocity acquired in falling thrw 
that space, and g the force of gravity or the space fallen throi 
by a heavy body in one second (this, in the latitude of Lond 
is equal to 16*08 feet). Then the preceding propositions! 
be thus expressed algebraically : 

» = 2 v> = 2v/r6^ = 8-02 . . (12), 
where h, the height fallen through, is equal to unity; 
where h is any height whatever, 

r = 2 v/16-08 A = 8-02 ^h . . (13). 
This last is justly called by French writers the fundame 
equation in hydraulics. It is the one most commonly u 
It is the one which, when modified in each case by the pr 
coefficient, forms the foundation of formulae for the flo 
water, not only through sluices and over weirs, but als( 
flow in canals and pipes. We shall see hereafter how in 
ably this simple equation plays its part in all determinatio 
this kind. 

Since the time of Dr. Hutton and his contemporar 
somewhat more accurate value has been assigned to g_ 
force of gravity. In accordance with the most recent ex 
meuts the value of g has been somewhat increased, and 
more accurate to write v = 8'03 \/h. 

If it were not for the friction of the particles of i 
amongst themselves and against the sides of the orifice, 
for the contraction of the stream in issuing out, the mean 



fttf would be soraethtng more thfkn 8 times the square root of 
e height. It ia evident that the diseharge througli a sluice 
B alw&ys he equal fo the mean velocity multiplied by the 
A of the opening. Hence, if we put A = the area, we shall 
v the theoretical discharge, independently of friction, equal 
8-03 A VA P" second . . . (14) 
481-8 A VA per minute . . . (15). 
5 water which issues through any orifice, however, is 
riahed by friction and by the contraction of the fliiid vein. 
Be relation between the theoretical discharge and that due to 
:tional area of the vein has never yet been deter- 
Kd by mathematical investigation ; we must therefore be 
ided solely by experiment. Theae experiments have deter- 

Eied that for very small orifices the above expressions mnst 
multiplied by a coefficient which differs little from 0-62. 
E would reduce the coefficient 48l'8 to 300, this being the 
faioltiplier Mr. Benrdmore uses in his tables for ordinary sluices. 
1. The principnl experiments on which formulae for diseharge 
^sluices have been founded are tAse by Poncelet and Lesbros. 
are far from satisfactory, because, although they were 
irith heads of water varying from to 10 feet, yet the 
; were extremely small. The orifices used in the espe- 
?t)inents were all rectangular, with an invariable breadth of 7 J 
JBches, and varying in height from -^ of an inch to 7f inches. 
I^iese were evidently much smaller than the sluices in practice 
OK the regulation of supplies of water, for the discharge of 
bniplus water, &c. The fact most worthy of observation in 
■ftiae experiments appears to be, that the coefficient was always 
■greatest for the smallest orifice, and vice versd ; which goes to 
Ignore thot the effect of the vmta contraeta is much more sen- 
'wWyfelt as the size of the orifice increases. Looking carefully 
to the tables of Poncelet and Lesbros' experiments, which were 
jmblished in their 'Experiences Hydrauliques sur les Lois de 
I'Ecoulement de I'Eaa' (Paris, 1 832), and which have since been 
dfiied by Genieys, Boileau, Dupuit, and every other French 
-Initer on hydraulics, there seems no reason to alter the coeffi- 
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dent *62. This appears, in the preaent state ctf our ki 
to be the one best adqited to gire the discharge thro 
eooatmcted sluices in lock-gates, mill-dams, and od 
tions of the kind. Hence we hare 
481-8 X -62 X A -%^A = 2987 A^k = in round m 

300 A V* • • • 06)» 
the discharge per minute through an orifice whose an 

being the height from the centre of the orifice to th 

of the water. ** Where the orifice of the sluice is c( 

in locks and river sluices, the height h is the differenc 

between the respective sur&ces.'^ * 

The following b a brief rSsumS of the other wri 

have experimented on the subject, with the results wl 

arrived at, condensed from Neville's Hydraulic Formi 

1 

Dr. Bryan Robinson, in 1739. On drcnlar orifices of one- 
tenth to eight-tenths of an inch diameter, with heads of 
2 to 4 feet -7 

Dr. Mathew Toong, in 1788. O^prcular orifices one-fifth 
of an inch in diameter, with a mean head of 14 inches . 

MichelottL On circular orifices 1 to 3 inches diameter, 
and square orifices 1 to 9 inches in area, with heads from 
6 to 23 inches -Gi 

The Abbe Bossut. On small circular and rectang:ular ori- 
fices from half-inch diameter to area of 4 square inches, 
under heads of 4 feet and 15 feet '6] 

Brindley and Smeaton. On an orifice 1 inch square, with 
head varying from 1 to 6 feet '6^ 

Bennie. On circular orifices from ^ to 1 inch diameter, 
with head varying from 1 to 4 feet . . . . '5i 

Rennie. On rectangular and triangular orifices, each with 
an area of 1 square inch, and head varying from 1 to 4 
feet '5? 

None of the preceding experiments are on so exU 
scale as those made at Metz by Messrs. Poncelet and 1 

* Beardmore's Hydraulic Tables, where some general rules are 
meet the most ordinary cases in practice relating to discharge 
vertical and horizontal sluices. 
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^nve beeu already alluded to. They appear generally 
ifinn the conclusion arriTed at by the French engineers 
iers, that the coefficient for practical purposes may be 
at "62. Some writers have attempted, as it were, to 
1 the experimental results of Poncelet and Lesbros for 

of proportionate dimensions but much larger size. This 
en done by Mr. Neville in liis Hydraulic FormulDS, hut 
ly seems a waste of time and an attempt to refine where 
ta are not sufficient for the purpose, 
rill be observed in the preceding list of experiments that 
ryan Robinson's coefficients are much the highest. It 
lahle that most of the other experiments were made with 
» in a thin plate, while the aperture in Dr. Robinson's 
nents was probably in a plate of some thicknesSj with 
ner edge rounded off. This would occasion the coeffi- 
to be higher, and is probably the reason why they are so.* 
eriments on a much larger scale are still very desirable 
; subject, aiid I perfectly coincide in the following obser- 
, which occurs in Mr. Neville's book ; — 

is almost needless to observe, that oil these coefficients 
ly applicable to orifices in thin plates, or those having 

taide arrises chamfered Very little dependence can 

:ed on calculations of the quantities of water discharged 
ither orifices, unless wbere the coefficients have been 
r ohtuned by experimeut for them. If the inner arris 
je water he rounded, the coefficient will be increased." 
iB carefully- conducted experiments on the time of filling 
iptying lock-chambers or canals would, after all, be much 
aluable than any of those which have been cited. Where 
Iverts or sluices from the upper level into the lock-cham- 
d between the latter and the tail of the lock, are in good 
these experiments might be made with considerable ac- 

jfhile the lock-chamber itself would afford an excellent 

ibr the volume of water pasaiug through the sluices 

s of time, with certain parts of their area open. 
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Oauging fiy mtana of Current Metert, tatd other Int 
meittt /or abterving Felocilies at varimu deptht. 

On Ui/dromtteri, or tntlrumenls for msamirmg FdotUitt, 
ire of two kinds, unmely, those which act on tbe 

lie of Pilot's tube, and those which act as dynainometffl 
opposing a solid resistance to the action of the carren^ 
indicating the force of this action by me&ns of n d>«l ot j 
duatcd bar. 

The Pilot tube, as originally proposed more than a oeni 
ago by the philosopher nhose name it bears, is a hollow tl 
bent at a right angle, and so used that one part of the tul 
horizontal in the line of the current, while the other pn 
Tertical. The open end of the horizontal branch bang 
posed to the action of the current, ihia causes the water to 
^ove the surface of the stream in the vertical tube, and 
t«mpts have been made to determine Telocities at vorions ie\ 
according to the aiDount of this rise or difference of ll 
The simple tube of Pitot, liowever, is liable to many ol 
a> a hfdrometrical instnunent. Among these a 
degree of sensibility (aa considerable increase ofvelori^J 
duces very slight Tariations of height), the oscillations of 
water in the vertical part of the tube, and the e 
from capillary action. These defects conspire to render 
Pilot tube in its original form a very uncertain and impel 
instrument for ascertaining velocities. 

In his recent Treatise, which has been already mentioM 
Boileau describes a very ingenious modification of the I" 
tube, which appears capable of being applied with Teiy j 
effect to the measurement of velocities. The tube in 
arrangement consists of a horiiontal part and of an incl 
part, the tube being flesible, and SO arranged that the I 
zoutal part can be adjusted at any required depth ii 
rent or stream. The upper end of the tube is an 
with a metallic or glass cylinder, five or sis times a: 
diameter as that of the tube, and by means of valves the et 
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I^SlcatioQ can be closed at auy morseut between tbis cjliDder 
knd the tube, while the contents of the cylmder can be dis- 
jfcarged by another small tube. The cylinder is provided with 
k metallic doat, which rises as the cylinder fills, and acta on a 
aeedle or pointer, which indicates its exact height. The gra- 
Inated scale, to which the needle is applied, points out the 
rclocity of the current, but of course this requires very accurate 
^jadnation, and many preparatory experiments would hate to 
tw made for this purpose. The following appear to be the 
principal advantages that would attend the use of this modifi- 
EMtion of Pitot's tube : — 

1. It can be adapted without difficulty to the deepest and 
largest as well as to the shallowest livers. 

2. It dispenses with the use of an accurate chronometer, 
%lucb, on the other hand, is essentially necessary where either 
floats or other kinds of current metres are employed, 

3. When once fixed at any particular station, it need not be 
mnoved until the whole series of observations shall have beea 
made vhich are necessary for that particular vertical line. 

There is another beautiful adaptation of a tube to the mea- 
Borement of velocities which deserves notice. The tube is 
of glass, having one extremity fitted with a smaller adjutage, 
vhieh can be varied according to the current. Before being 
raed the tube is prepared by closing the larger end and filling 
the tube with water, so as to leave a small bubble of air, sinu- 
lu to the bubble in the glass tube of the common spirit-level. 
The tube is immersed in the direction of the current at the re- 
quired depth, and the velocity observed by means of the pas- 
Mge of this bubble of air from a mark at one extremity of the 
tnbe to the other end as soon as the latter is opened. Although 
S very beautiful philosophical toy, this is almost too delicate 
sn instrument for practical purposes. 

The Pitot tube described by Genieya is made of tin, ia about 
fi feet in length, and 2 inches diameter, with a horizontal arm 
in length. The extremity of the horizontal arm is 
cted conicaliy, leaving only a very small orifice to receive 





• prcMare of Uie water. The open end of tlie tube b & 
I B float and wooden rod, graduated to show the rl 

n iu the tube. 

lu uaiug the Pilot tube it is necessary to hitve a stroDg eUke 1 
or small pile fixed iu the river, to which the tube cnn be nd- [ 
jiistrd at any required depth. Except in very minute iuvesti- I 
gations, it is uunecessary to take more than two obaervatioiB 1 
at eacli place, namely one at tlie surface and one at the bot- j 
torn, the ariihmetical mean between these being thei 
city ill that vertical line. Care must be taken to place l] 
liaritontal part of the tube exactly in the line of the c 
for which purpose it must be turned about, and read off i^ 
that position when the water rises highest in the tube, 
graduation of the tube or wooden bar may be calculated &(H| 
the formula TI = S-OS^J/i, where U = velocity in f 
cond, and A=height iu feet of water in the tube ahoTC the a 
face in (he river, Thus, a rise of one foot in the lube will mul] 
a Telocity of 8 feet per second, and so for any intermed 
height the velocity will be as the square root of the height, 

Pitot'8 tube has been much used by Mr. Scott Russell u 
others, in making experiments on the speed of vessels paaar 
through water. 

Current Melert acting on the principle of Dynamometer. 
The first current meter of this kind, as introduced by Wolt- | 
mann in 1790, consisted of a small light waterwheel, with n 
row pallets or float-boards, whose breadth was about one-foarth 
the diameter of the wheel, Ou the axis of the wheel is sn 
endless screw, which works one or more toothed wheels, the 
revolution of which marks the velocity of the current. To 
this apparatus is attached a vane or rudder, of about the same 
depth as the diameter of the waterwheel, and this vone, acted 
on by the current, causes the waterwheel to rotate exactly in 
the true axis of the stream. The wlioje apparatus is movable 
on a vertical shaft, to which it can be clamped, so as to act at 
any required depth. In the earlier current meters the pallet 
or blades of the waterwheel were fixed radially around the d 
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|eRnce, similar to those in the simpler forms of the o^^l 
1 waterwheel. The pallets have been constructed either of 
boards of wood, or metal, or with one surface flat and Ihe 
er spherical, iu order to oppose less resistance in rising out 
he water, 

"hese earlier forms of wheels for measuring Telocities of 
rents had many objections. They were made in too clumBy 
lanncr, and bad so much frictiou in the axle, in the endless 
iw and the toothed wheels, that they were incapable of re- 
ling small velocities, and not possessed of sufficient delicacy 
eiperimental purposes. Besides tliis, the toothed wheels, 
ig immersed in the water without any protection or cover- 
were liable to be affected by aand, gravel, weeds, &c. get- 
; between the teeth and preventing them from working pro- 
j. These and other objections and iacoDTeniences arising 
D the use of these current meters, led to several improve- 
ita by Laignel, Boileau, and others. In one of the roost 
roved forms of current meters the wheel is made with heli- 
blades, and great care is taken to have as little friction as 
(ibie in the axle and the bushes in which it works. In 
« of the endless screw and toothed wheels of Woltmann's 
er, M. Lnignel substitutes a simple screw, on which works 
ovable nut. The nut does not revolve with the screw, but 
els along it, and carries a pointer, which marks by the dis- 
le on a bar the revolutions of the helical-blade d wheel. 
screw on which the nut traverses is made of copper, and 
■ accurately turned, with a pitch of jij- of au iucb, and is \ 
■a inch in diameter, The screwed part of the a,"ile, the 
elling nut, and the graduated bar on which the revolutions 
read off, are all enclosed in a hos, so that the delicate 
hanism is protected from that kind of injury to which the 
Br of Woltmann is so subject. The screw is about a foot 
6 inches in length, and the estremity of the bos in which 
enclosed is provided with a vane or rudder, to keep the 
hine in the centre of the current. The helical wheel and 
parrying the screw are supported on a bracket, wj^^^J 



318 GAUGING OF RIVERS AND STREAMS. 

slides on a Tertical pillar^ and can be clamped at any reqimcd 
height. There is a contmance for stopping the revoliitioDrf 
the vfheel at any required moment. The length of the sent 
is sufficient to allow the travelling nut and marker to recoil 
the revolutions of the wheel during 25 or 30 seconds, whait 
is stopped, and the machine taken out of the water, and the 
distance corresponding with the number of revolutions reidcff 
on the graduated bar. This instrument, like all others of the 
same kind, requires the employment of a very accurate chrav- 
metcr, and has the inconvenience of causing much loss of time^ 
by the necessity for taking the instrument out of water to leid 
off the number of revolutions at every separate experiment. 

M. Boileau has proposed an extremely ingenious and delicite 
instrument, acting on the principle of measuring the velodlj 
of a current without the employment of a wheel at alL A 
small copper plate is opposed to the action of the current it 
any required depth, and this, by means of a vertical bar, ii 
made to act on a delicate and very sensitive elliptical spring. 
The compression of the spring is measured with extreme seen- 
racy by means of a micrometer screw. For the purpose of 
minute and delicate observations and experiments this instrn- 
ment appears to be extremely well adapted, and is free from 
many of the defects which attach to all current meters acting 
by means of wheels. 

Having obtained, either by means of the Pitot tube or some 
kind of current meter, the mean velocities of the water in 
several vertical lines across the stream, we have then to find 
the mean velocitv of the whole river. There are various wavs 
of doing this, but the geometrical method described by D'An- 
buisson, in his *Trait(5 d'Hydraulique k Tusage des Inge- 
nieurs,' is perhaps entitled to the preference on account of its 
extreme simplicity. " Having fixed on the station where the 
cross section of a large river is to be taken and the velocities 
ascertained, take a number of soundings across the stream it 
8, 10, or 12 points, according to the breadth. These lines rf 
sounding divide the section into a number of trapezia, and the 
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bof eitch of theae is to be mlctilated. Tfaea at n point half- 
Y between each of the two hues of Bouadiog U to be lixed a 

small boat containing the current meter, such as Woltmann'a 
<«liee), the Pilot tube, or other instrument by means of which 

5, fi, or 7 Telocities are to he determined in the Eame vertical 
•Kne, The arithmetical mean of these is then to be multiplied 
ibj the area of the trapeiium to which tbey apply. The sum 

of all these products is cTidcntly the discharge of the river,^ 

it is equivalent to the total sectional area multiplied by the 

mean velocity." 

5, Gauging by mean* of Weirs. 

Referring again to what has been called the fundamental 
theorem of hydraulics, namely v = 8-03 \/h, it may he at 
once applied to the case of weirs, o being the theoretical velo- 
dty corresponding to the height k of the notch or weir. This 
height must be the difference of level between the surface of 
the notch over which the water flows and the still water in the 
pond above. This height is not to be confounded with iha- 
tliickness of the sheet of water flowing over the weir, from 
which it is quite distinct. As in the case of orifices, the 
tiieoretical expression 8'03>y A for the velocity per second, or 
481-8^/A for the velocity per minute, must be midtiplied hj 
ft coefficient to give the true velocity, as this in a similar maa^ 
ner is afleeted by friction and by contraction of the sheet (rf^ 
'water flowing over the weir. 

Hence the velocity per minute of water flowing over a wei» 
is equal to 481-8 Cv"* . . . (17), 
where C is a coefficient to he determined by esperiuieut. 

The value of C varies somewhat, not only according to tha 
shape of the weir, but also varies for different depths and 
widths. The limits of this variation will be seen when 
come to describe the experiments more particularly. 

The principal observers who have made experiments on the 
flow of water over weirs are the Chevalier Du Buat, Eytelwein, 
MM. D'Aubuisson and Gastel, and MM. Poncelet and Lesbroa. 
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In our own country experiments have been made by Mesot 
Smeaton and Brindley, by Dr. Robinson, Messrs. Leslie 
Blackwell, Hawksley, and others. ■, 

The experiments of Du Buat were made in 1779 onidal] 
187 inches wide and an extreme depth of 6j- inches. 

MM. Foncelet and Lesbros made an extensive series of 
periments at Metz in the years 1827 and 1828. Their 
was of the constant width of 7f inches, and various heads lai 
tried from f- inch up to 8 inches. They found the coefficiat 
varied considerably for different heads. The experiments 
MM. D*Aubuisson and Castel were made at the Toubia 
Waterworks in 1834, with various widths of weir, and lift 
a head ranging from 1 to 8 inches. Messrs. Smeaton ffli 
Brindley made their experiments with a constant \?idth of I 
inches, and with depths varying from 1 to 6 inches. For Jk» 
Robinson's experiments see the ' Encyclopaedia Britannica.' 

Mr. Blackwell's experiments were made in 1850, and (» 
sisted for the most part of observations on the discharge «t 
water by weirs out of a large pond on the Kennet and Am 
Canal, which afforded a perfectly uniform head of still water. 

These experiments were 264 in number, and embraced ob* 
servations on various forms of overfall, from a very thin plate 
of sheet iron to a weir 3 feet in thickness ; the length orhreadtk 
of the weir extending from 3 feet to 1 feet. 

If we substitute ;/i for C 481*9 in the equation for the Tdo- 

city over the weir, we have the discharge of water for each 

3 

foot in width = 7n \/h xh^=m a/A^ = m hJ. 

The value adopted for m by Mr. Beardmore and by most 

English engineers, is 214 where h is in feet; and where A* 

in inches the value adopted is 5*1. These two values areii 

214 214 
tact identical, because — ^= 77-^= 5*1 

122" 
Hence the formula given by Mr. Beardmore, where A is » 
feet, is 214 Vh^ . . , (18) 
for the discharge in cubic feet per minute, and the rule deducel 
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Thin plile, 3 feet long. 
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212 
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4-68 


Thin plalc, 10 feet long. 
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5'16 
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4-32 

4'14 


Plank, 2 inches thick, and 10 
(eet BiJe, with ivings. 


lto2 
4 ,.5 


230 
213 


5-22 


Oretfall, with crett 3 feet vride, 
3 feet Inng, sloping 1 in 12. 


ill 


165 
158 
163 


3-78 
3-96 


OTerfall, nilh crest 3 feet wide, 
3 f«t long, sloping 1 in IB. 


3 ,.0 
6 ..9 


175 
152 
160 


3-66 
3-84 1 


Overfall, with crest 3 feet wide, 
10 feet long, sloping 1 in IS. 


llo4 
4 „B 


IbS 
169 


4'D8 1 


Oferfall, with crest 3 feel wide, 
level, 3 feet long. 


lto3 


150 

153 


3-60 

3-66 ' 


Overfall, with crest 3 feet wide, 
level, 6 feet long- 


7 .. 12 


150 
119 


3'Ca ! 


Orcrfall, with crest 3 feet wide, 
level, 10 feet long. 


5 „8 
B „ 10 


147 
158 
151 


3'54 . 
378 1 
3-EG ' 


Chew Magna eipenmcnls, over- 
fall har 2 inches thick, 10 
feet long. 


3 „ 6 
G „ 9 


210 

2J0 
243 


5-78 
5-85 1 


^ 


Ji 


^^ 


3 ^ 1 



^^B GAOGIKG OP KIVKRS AMD BTRKAMS. 

fromEyleiwcin, whereSisinioches, is5-l V*^ • ■ CV 
discbvgc in cubic feet per minute. _ 

As these two formulie are far more generally employed bj 
engineers ihan any others, I have thought it would be usefi ' ' 
to adapt the results arrived at by Mr. Blackwell to each a ^ 
thnn. The table on p. 321 is compiled from an abstract pm * 
by Mr. Blackwell himself, with the substitution by mc of th " 
laat two columnB. "^ 

The results shown in the preceding table are Terr TalaaUs. ■ 
All the es penmen Is except the last (61), apply to still poiA P 
without any current iu the water, and we shall first conudU' '^ 
these. - 

Otcr a thin plate 3 feet long, the experiments agree with tk ^ 
usual coefficients 214 and 51 up to 3 inches of head, aha>l * 
which they fall below them. 

Over a thin plate 10 feet long, the experiments showiL * 
higher coefRcient than the common ones ; between 3 and ^H 
inches the coefficients are nearly the same, and above G indli^H 
the experiments are less. ^H 

Over planks 2 inches thick an opposite law seems to pten^H 
for the coeificients increase with (he depth instead of beoaaiiq^| 
less as the latter increases, This is the cose with all the dH 
perimcnta on the 3 feet plank, the coefficient up to 3 iiuJ<|^| 
being l(io, aud increasing up to 196 for heights between ^H 
and !> inches. All the experimental coefficients are below &i^M 
usual ones in these twenty-three experimenta. In the MilT 
ninety-sis eiperiments, over C feet and 10 feet planks, tie 1 
maximum coefficient is for a depth of 5 or 6 inches, bayoiul 1 
which it diminisbea as far as the experiments extend. J 

The four experimenta made over a plank with wing hoan^f 
show, as ffiight be expected, a better discharge than the foni^H 
ones, The coefficient here is highest at 1 inch, and gradu^^f 
dumuishes as the head increases. H 

In the experiments on weirs with inclined crests the low^H 
coefficient is in each case at 4 inches, an increase taking plii^| 
when the depth is diminished below this, and also when th^ 
depth is increased. I 



TOe e 



GAUGING OF RIVERS AND STREAMS. 323 



e esperiments ou level crests 3 feet wide wid of different 
ngths present the greatest anonialiea. The crest 3 feet long 
BE the lowest coefficient at 4 inches. The one feet long 
IS the lowest at 10 inches, and the one 10 feet long has the 
west at an inch, from which it increases to 5 inches, and 
tea Iigain diminiaheB. 

The sijLtjr-one experiments at Chew ALagna are applicable to 
eirs across rivers in which the pond is small in proportion to 
le breadth of the neir, and in which it is difficult to avoid a. 
ight current in the water as it approaches the weir. 
In these experiments tjie coefficients are below the mean up 
S inches, then they rise almost to a maximum at 5 inchee, 
len fall slightly to 6 J inches, when they ascend to a maximum 
8 inches, below which they again descend. 
The mean coefficients determined by Mr. Blackwell for this 
nd of weir, when the depth esceeds 3 inches, are all higher 
lan those in common use, so that the ordinary formulse may 
e used with safety for plank weirs of this description acroas 
.vera and streams, but appear somewhat too high for plank 
ejrs where the pond is large and the vrater entirely without 
uneut. There can be no doubt that Mr. Blackwell's experi- 
loits are entitled to the highest confidence, as they were 
ude with great care, and afford an admirable model for that 
ind of experiment which is so necessary to funush facta for 

le engineer. 

Recarring now to the formula at poge 320, where wy'A'^ 
lachsrge for each foot in width, it is evident if b be the width 
r the weir in feet, ni4\/A" will be the whole discharge per 
linute. Hence we have only to employ the corresponding 
)efficient in the table in order to obtain the discharge in cubic 
et per minute, If /' be in feet, the value of m must be taken 
om the fourth column, and if in inches, it must be taken 
om the fifth column. 

£xnmple r Required the discharge over each foot in width of 
plank 2 inches thick and 10 feet long, with a still pond above 

Aiie&d of '25 feet or 3 inches. Using -25 for the height. 
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the corresponding coefficient in the tahle will be 191. 

191 X '25" = 23*9 cubic feet per minute, or using 3 
height in inches, the coefficient is 4*6. Hence 

s 

4-6 X 3^ = 23*9 cubic feet as before. 

The quantity calculated from Mr. Beardmore's co 

s 
214 would be 214 x -25^ = 26*7 cubic feet. 

EXPERIMENTS OF DU BUAT AND OTHERS. 

Mr. Blackwell gives a diagram showing the mean 
arrived at by other experimenters, and from this the fc 
Table of Coefficients has been prepared. 



Depth 
orer 
weir. 


Du Baat*s experi- 
ments on a weir 
18i inches wide. 


Brindley and 

Smeaton, on a weir 

6 in. wide. 


Poncdet and 

Lesbros, on a weir 

71 in. wide. 


Castds 

buisson 

7-87 i 


Inches. 


Mean CO-' Mean co- 
efficient efficient 

when h is when h u 
in feet. !in inches. 


&f can co- 
efficient 

when h is 
in feet. 


Mean co- 
efficient 
when h is 
in inches. 


Mean co- 
efficient 
when A is 
in feet. 


efficient 
when h is 
in inches. 


Mean CO 
efficient 

when h i 
in feet. 


1 




227 


5-47 


200 


4-82 


200 


2 


202 


4-87 


204 


4-91 


197 


4-75 


196 


3 
4 


169 


407 


194 


4-67 


193 


4-65 


193 


163 


4-05 


194 


4-67 


190 


4-58 


190 


5 


168 


4 05 


194 


467 


190 


4-58 


190 


6 






178 


4-29 


190 


4-58 


190 


7 


202 


4-87 


201 


4-84 


188 


4-53 


191 


8 










184 


4-43 


191 


Mean. 


186 


4-48 


204 


4-91 


192 


4-63 


193 



Some engineers are in the habit of gauging the dej 
a weir by observing the height to which the water risef 
face of a common 2-foot rule held flatwise to the strej 
at the outer edge of the overfall bar or crest of the wei 
Blackwell made many trials to ascertain the value 
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Oil, and he obaervcs a3 a reault, " that the head of water 
j^sbove an OTerfall may be aseertained approximately, but only 
so, by the insertion of a 2-foot rule held against the stream on 
lie OTerfall bar, and observing the height to which the water 
rises, ns the total head above the crest." 

There can he no doubt that this is n difiicult and uacertaia 
method of obseryatioo, as the water coming with considerable 
velocity against the face of the role, does not form a level and 
I miifonu head there, but is liable sometimes to be depressed 
|i'Wd Bometimes elevated above its true level. The method re- 
|i Sommendcd by Mr. Beardmore is therefore much to be pre- 
ferred. He says a stake should be driven in the still pond 
above the weir, until the top b exactly level with the top of 
tiie weir or overfall bar. The depth of the water over the 
steke can then he dipped with the 2-foot rule or auy other 
I instnimcnt for reading it, and recorded either in inches or in 
hundredths of a foot. One great advantage of this method is 
this, that when the stake or mark in the still pond is once 
accurately fixed — and this should be done by means of the 
spirit-level in the ordinary manner of putting in level stakes — 
' Oie dipping on the head of the stake may afterwards be en- 
trusted to any careful person who can read and write; whereas 
the method of dipping on the weir with the flat side of the 
rale reqiures extreme caution, and should not he lightly en- 
trusted in the hands of any but au experienced assistant. It 
is important to observe that the water in the still pond has 
frequently a slight inclination for several yards above the weir, 
so that the stake should be driven down where the water is per- 
fectly level and has no perceptible motion. The best formulse 
for calculating the flow over weirs are all based on the gi-eatest 
bend or depth being observed. 

M. i'j Buat had assumed in the theory on which his for- 
mula was founded, that the thickness of the blade of water was 
equal to half the total depth from the crest to the top of the 
water. Mr. Blackwell made experiments on this subject by 
immersing the thin brass slide of the rule and rending the 
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wiien lipid edgewise to the course of the gtream. 

lackwrll I'uuiid ihat the assumption of Du Bust naB 1j 

■ correct. In the case of thf overfall plank 2 inches 1 

c thicknf«s varied from six-teDths to eigbt-teuths of the t 

jpth, following the law of increase, as the total head in 

« of wdra with long crests the thickness ia f 

tDUcb less, varying from one-fourth to one-half of the t 

deptli. 

Mr. filackwell observes truly, as the result of his e 
1, that no funnuk with a constant coefficient will gi 
le disobargo of nater by a weir. 

On the Importance of accvrate Gauging over Weiri. 

There is no subject more deserting of attention by 

nterworks engineer than the accurate de terminal im of 

scharge over weirs. In cases of impounding reservoin 

nbankment is commonly furnished with a weir, over whid 

c water passes for the use of millers on the stream hi 

The discharge over the -weir is frequently regulated by A 

Parlianienl, and the Company is bound to allow a c< 

quanlily of water to flow off for the use of the mills. I 

. Ihe extreme inifiortance of delerniining the esact dischai] 

Lift weir in proportion to the head of water flowing over il 

M In laying oat or designing walerworka also, the a 

k^tgaugiug of streams is of the utmost consequence, iu o 

ihow the quantity of water which may be depended on | 

■casous of the year, and to show by comparison with fl 

observations the quantity abstracted from mills, &c. Ini 

of compensation to millers for loss of water-power, the acci 

gauging of the various weirs and sluices, in order to shoi 

comjiarative quantity of water used and wasted by the m 

it different seasons, becomes of great importance. 

Probably the moat convenient method of gauging ' 
rould be to have a rule graduated, to show the discbai] 
B feet per minute for each foot in width, so that th8 
(Large could be read off at once by inspection, without i 
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B. table or calculation. The scale below shows how 
k)f this description should be graduated, where the usual' 

;■! is Adopted in the formula C h^ = V :— 

Cubic feet per 



!lhus at I inch 
H » 

H „ 



the rule should be maiked 5'1 



9-23 
1178 
14-43 




i role of this description would enable an observer, by k 

e trial, to pronounee on the spot what is the approximate 

a weir, and this without the aid of a lerel or 

ment for putting in a stake, as it would be near eu( 

1 purpose to gauge over the lower edge of the ' 

e flat side of the rule opposed to the current. 

re greater accuracy is required than that derived from 

fficient, such as 5 or 5'1 assumed for all depths, the rnle 

t have divisions corresponding to the I'S powers of the 

le of the faces might be so divided, in wbich caift 

might employ his own coefficient. 

y be worth noticing that the discharge in cubic feet peB 

is readily converted into gallons per day by multiplying 

: thus, 35 cubic feet per minute = 35 X 9000 
gallons per day of 24 hours. This is an operation 
, that it can readily be performed iu the head without 
it effort of mind. 

!t/or calculating the 

btving settled the general formula for the discharge over 
» aa C A', it is obvious that all we have to determine from 
ximent ts the value of C, without auy reference to the es- 
nion 2g or the force of gravity. In fact, there is conside-i 
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rable ambigaitj in the use of this expiessioii and the menu 
attJM^hed to it. 

Dr. Hatton makes g to represent 16^, but Mr. Blackw 
Mr. Neyille, and others who have written on the subject 
weirs, have taken the yalue of ^ at double, or 32^. Hence, 
the expression is only necessarj to elucidate the theory of 
subject, it is better to get rid of it altogether in practical i 
culations. 

Mr. Blackwell uses two coefficients, one of which he ta 
m and the other k. 

The first, wt, is merely a factor, by which 8*03 is to be n 
tiphed to gire the discharge in cubic feet per second, or 
which 481*8 is to be multipUed, to give the discharge in cs 
feet per minute. His other coefficient, k, is to be used wl 
the depth is taken in inches, and really does dispense with \ 

factor \/2ffy and siipply means the factor by which A^is to 
multiplied to give the discharge in cubic feet per second. 

Hence it follows that my coefficient* for feet is equal 
Mr. Blackweirs m multiplied by 481*8, and my coefficient 1 
inches is equal to Mr. Blackwell' s k multiplied by 60; 
algebraically. 

My coefficient when h is in feet = 481*8 m 
„ „ h is in inches = 60 ^ 

' Mr. Neville, in his tables of the discharge over weirs, I 

termed the theoretical discharge 321 A^ instead of 481*8 A' 

cubic feet per minute, and his coefficients form factors 

which 321 is to be multiplied, in order to give the discbu 

in cubic feet per minute. Hence, collecting all the correspoi 

ing values. 

In terms of In terms 

Mr. Blackwell's Mr. Nevill 

coefGicient. coefficien 

My coefficient when h is in feet = 481-8 m 321 » 

„ „ A is in inches = 60 k 7*722» 

* See Tables at pages 321 and 324. 



W V^oeity at ivltkh Water ehoiddjiow in ChanneU. 
E opinion of M. Genieys and some other hydranlio 
1, that in order lo preserve the salubrity and fresh- 
rater flowing in open channels, the surface velocity 
lot be less than about 80 feet per minute. Dupuit, 
V not disputing the advantage of rapid motion in open 
I, is of opiDion tliat no very cstraordinMy sacrifice of 
J ought to be made to secure such a velocity oa 80 
j^minate, and conaidera-tliat oO feet per minute would 
a aqueducts and conduits of brick or 



ardmore gires a table of the characteristics of rivers, 
S from a paper in the 'Philosophical Trans actions.' 
I; this paper and the table which precedes it in JMr, 
a book, the following brief notes are taken, 
e artificial canals in the Dutch and Austrian Nether- 
e I* = 2 to 0'05 and V* = 30 to 40. 

n low flat couatnca, vvith many turns and wind- 
«vlng a very slow current, and being subject to frequent 
Ptasting floods ; as, the Nene below Peterborough, where 
1=2 and V= 66, section of river infeet44x5'5 ; the Thames 
fcelow Staines, where I = 1-30 to 3-73 and V = 101 to 130. 
iVhen the volume and depth are greater, however, the velo- 
^ is much increased, with only a amaU addition to the rate 
4f fall. Thus, the Severn between Worcester and Gloucester, 
ilifii a section of 1 60 x IG, has 1 = o and V = 190. 

Canals in Flanders are said to have I = 6-33 and V = 275, 
Imt this is probably n mistake, as the velocity is much too 
peat for the fall. The Neva at St. Petersburg, with a sec- 
tion of 900 X 63, is said to have I = 1-7 only, and V = 156. 
The Ganges, of which the volume is much greater, with 1 = 4 
■lua V = 264. When tlie Nile is low, the section at Cairo is 
about 900 feet wide X 14 feet deep, and I = 3 J, V = 1 10 ; 

* I means tlic full ia ladies per mile, and V meant the Borface Telocity 
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when the river is high, the section at Cairo being 1100 x 
I = 5 to 5i and V = 300. 

Mr. Beardmore says, however, there are rivers of this 
racter with I = 12*18 and V=60. (This propordon 
the inclination and velocity could scarcely obtain ooleas 
river were much impeded by aquatic plants or other 
tions. Scarcely any river can have a section so diaadi 
ous as to produce an hydraulic mean depth = 1 ; and yet 
hydraulic mean depth of 1, wUh an inclination of 1 foot 
mile, will give a velocity, according to Mr. Beardmore*B 
formula, of nearly 80 feet per minute.) 

3. The upper parts of rivers in low countries, and 
generally in districts having a mean inclination between 
and hilly. Examples of such rivers may be found in the 
abgve Chester, where 1 = 11, the Forth near Stirling, 
I = 13, the Seine from Paris to Hdvre, where I = 12*4i 
V = 125,* the Shannon below Lough Allen, where 1 = 
Such rivers may be taken in most countries to have a 
inclination of nearly 16 inches, and V = 90, although thbi 
often exceeded in rivers of great depth and volume. 

4. Rivers in hilly countries, with a strong current, or 
straight course, and rarely overflowing. Examples: — the 
above Lancaster, where I = 23 ; the Thames below 
where 1 = 21 and V = 176 ; the Rhone from Besan^on toi 
Mediterranean, where I = 24*18 ; f the Rhine between St 
burg and Schenckenschantz, where 1= 24 ; J the Tiber at '. 
where V=197;J the Loire, where 1=242 and V=256. 
Beardmore gives as the type of such rivers I =: 24*37 nndVa 
1 80, l)ut is surely not correct in saying that they rarely over 
— witness the Thames below Oxford and the Nene bet 



* From an observation made by M. de Chezy on the Seine below 
namely between Surenes and Neuilly, the fall appears to be only H 
English inches per mile, and the velocity 150 feet per minute. 

t The Rhone at Aries, according to Dupuit, has a velocity at low ' 
= 287 feet per minute, and at Bamaire V = 511. 

t Dupuit. 



^H IN CANAL8 AND AQUEDUCTS. 33 

^^■td and Peterboraugb, where the Taltey has I = 21'g 
^^Hnse rivers are remarknble for their extensile and devaa 
^^■oods, which however are doobtless due in a great mea 

^^Hlrers in their descent from among mountains down into 
^^Bos below, in which plains they run torrent-wise. Mr 
^^ftore gives as the type of such rivers, 1 = 31 '68 and 
^^^MO, and for rirers which are absolute torrents he gives 
Bw'37, V = 480. His table of actual rivers contains only 
IB examples of such currents, namely the Nene in the oolitic 
Bitrict above Wansford, where I = 38-7. and the Rhine be 
kreen Schaffhausen and Strasburg, where I = 46. 

Artificial CanaU and Aquednclt. 
The Canal de I'Ourcq, with a fall of 4 inches per mile, ha 

fiver, according to Mr. Beardraore, with a velocity between 
te sluieea of 2 j inches per mile and of 5 inches per mile in 
huding the sluices, has an actual velocity of 50 to 60 feet pe 
Brinute. 

I He following is a list of some celebrated Aqueducts, taken 
from Dupuil's work, showing the inchnatiou and velocities. 




NAME OF AQUEDLICT. 


'^r 


"Se" 




Pont du Card at Ntmea (Section of water i' x 3'-4'';» 
Aqueduct of Poat PyU, Lyona (Section of wnler 

r.iiy'xi''io")« .... 

„ „ MeH(S«tionofwater3'-2"xa'-2")*. 

„ „ Arcueil 

„ „ Trappes 

. .„ „ Roquencourt 

' „ MflinWQO.1 

_ „ CaaertE, Naples, (Section of water 

3'-U"x2'-r)* .... 

„ „ Monlpellier{Sectionofw»lerl2"«G") 


8-80 
5-30 
2-20 
66 
154 
111 

I'lO 
1-52 


120 

177 
1S7 

106 

80 
43 


' * Velocity calculated. AU the velocitiea in this table are mean velocitie 
•nUcii being multiplied by the Brw of the water, will give the diacLarg 
PCTminnte. 


^ 
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^^P The four first aqueducts in the preceding table ure worb 
^Hlh* Bomnns, and are remarkable for the high velocity of i 
^wmter which tloncd in ihem. That of Nimes in partici 

wheit full must have been capable of conveyiag about eigbt 

million gallons in twenty-four hours. 

The miueduets of Trappea, Boquencourt, and Maiale 

were formed for conveying the waters from various stra 

juiti impounding reservoirs to supply the maguificent la 

and fountains in the gardens of Versailles. 

Tlic aqueduct of Caserte was constructed by Charles I 

King of Naples, to supply a palace which he hnilt in llie p 

of Capua, near Naples. The aqueduct of Montpellier, vi 

Iku a slower velocity than any of the others, supplies viOe. 
Be town of Monlpellier, consisting of 33,000 inhabitants, 
b 
sngi 
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subject is intimately related to the flow of water 
channel?, which has been already treated at 
length ; in fact, the one subject may be termed a modifieat 
of the other. A pipe is simply a channel in which the we 
perimeter is the inner periphery of ihe pipe, and it folic 
from the relation between the circumference and the area of 
circle, that the hydraulic mean depth of a pipe when ^ 
with water is simply one-fourth of the diameter, thus : 

^ Area of pipe _ -7634 d^ _ d 

Circumference SiHSd 4' 
hydraulic mean depth of a pipe half full is also = -. 

The same eminent men who have investigated the flow 
water in open channels, Iiave also applied their distinguisi 
attainments to the subject of pipes. Du Buat, Bossut, C( 
plet, and Coulomb have shown that the same equation 
good with respect to water flowing in pipes as in open 
and that R I = oU + iU'. 

The values of the coefficients a and b in the case 
however, are different from those which apply to open chajmi 
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Miy determined, from fifty-one experirnents niode by 
t, Bossut, and Couplet, trith pipes from 1 to 5 inches 
(rter and from 30 to 1700 feet in length, and one pipe 
1 diameter and nearly 40O0 feet long, that a ^ 
§3314 and 6 = 000348259 ; and suhstituting these 
I the above equation, it follows that U = (2871-09 

}00ei29)'^--0249 for measures ui metres, and for 

a English feet 
= (941975 Its + -OOCGSy'-'OSlG . . (20). 
bony has further simplified this espression for the 
a actual practice, aud replaces the preceding 
I by the following, in nhich the value of R is ex- 
' a terms of the diameter ; ^ D S = -0003483 U«, or 
DS = -0013932U^ . . . (21). 
■ = 26■79^/DS for measures in metres ; and when 
ea are in English feet the expression becomes 
U = 48--19v'DS .... (22). 
f for S, the sine of the mclination, / = _ J, we sub- 

!j the head or fall in feet per mile, we obtain J 

48-49 

-^j_VDH = U . . . (23) 



V5280 "^ 



2.25 U^ 



124). 



iweiii, who followed the same mode of investigation as 
o determined the value of a and 4 from fifty-one ex- 
mts of Dn Buat, Bossut, and Couplet. He found* that 
ir pipes a = -0000223 and i = -0002803, from which, when 
B measures arc in metres, we derive 
I U = (3567-29 RI + -00157)^- -0397, 

tad this, reduced for measures in EngUsh feet, becomes 
[ V = 01704 BI + ■01696)^ — -1303 . . (26). 
• Kavillt. 
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The decimal *01698 may be ne^ectedin this eqiiatioii; 
if we convert it as before into terms of the diameter and of 
fall per mile, it becomes 

/11704DH\i,.^3^3^/DH\i,.^3^3 
V 5280 X4 / Vl-80/ ^ 

The common form of Ejtelwein's rule for pipes is, 

\l + 50dj 
when h is the head and I the length, both in feet. 

The expression 50 d, which is added to the denominator 
the above equation, may be entirely n^ected in veiyki 
pipes. Putting H for the fall per mile as before, and rejecli 
50 d, Eytelwein's form becomes 

^ _ / 5280DH \i_/DH\i .^ 

^~V 2500 ) "V2^n2y • • • ^^^^ 

and H = ?J^2U! (28). 

The subject of the flow of water through pipes has i 
been investigated by Dr. Thomas Young, Sir John Leslie,* 
others. Julius Weisbach, in a recent work (' Ingenieur- u 
Maschinen-Mechanik'), takes a somewhat different view fro 
other writers, and proposes this formula : — 

where I is the length in feet, H the height in feet required! 
overcome friction in that length, and the other letters reprt 
sent the same as before. 

If we now take I = 5280 feet in one mile, H becomo* 

76-032 Ug 90-6 U^ _ M8 U^ 1-41 U^ 

64-4 D "^ 64-4 D ^/U " D "*" D • • (3fl 
This formula is not materially different from Prony's d 
Eytelwein's, where the velocities are small, but differs cai 
derably for high velocities. A very excellent table, calcnhH 
from the formula of Weisbach, is inserted in Weale's * Engiw 
and Contractor's Pocket-book for 1855-6.' This tabled 
been calculated in English measures by Messrs. Thomson J 
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V Civil En^eers^ of Belfast, and shows the head required 
Tcome friction in 100 lineal feet of pipe varying in dia- 
from 3 inches up to 30, and at various velocities, in- 
ag by one-fifth of a foot per second from 2 feet up to 7. 
s table the head multiplied by 52*8 gives the fall per 
lecessary to overcome friction. The table also gives the 
ity of water delivered in cubic feet per minute, correspond- 
th each amount of head and rate of velocity. This dis- 
^ in feet per minute, when multipUed by 9000, becomes 
8 in twenty-four hours. 

8 table gives in all cases a greater velocity, and conse- 
y a less head for friction, than Pron/s formula. For 
»le : with a velocity of 2 feet per second the following is 
sad per mile required to overcome friction : — - 











According to 


According to « 
formula H-2-«U« 










Weisbach'a table. 


I pipe 


• 


• • 


• 


34-79 


36-00 


I ft 


m 


• • 


• 


17-37 


18-00 


I »> 


• 


• • 


• 


8-71 


9-00 


I » 


■ 


• • 


• 


4-33 


4*50 






For Velocities < 


7f 3 fiet per second. 




I pipe 


• 


r • 


• 


71-28 


81-00 


I »f 


• 


• • 


. 


35-85 


40*50 


I » 


• 


• • 


. 


17-89 


20-25 


I »> 


• 


• • 


• 


8-98 


1012 


Far Vek>citie9 of 7 feet per 


secondf the highest \ 


m the table. 


ippe 


• 


• . 


• 


335-28 


441-00 


I i> 


. 


• . 


. 


197-90 


220-50 


I II 


• 


. . 


• 


83.95 


110-25 


i .. 


. 


. • 


. 


41-92 


5512 



vill be observed that for small velocities, such as 2 and 
per second (those which are most common in the pipes 
«rworks), the results in the table of Weisbach differ only 
ly from those given by the more simple formulae. For 
irelocities, such as 7 feet per mile, the difference is much 
T ; but this is a velocity far too great for water flowing 



k 



t^ 



fl 



={ 
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Let Q be the discharge in cubic feet per second. Then 
from Equation 24 (Prony's) we derive 

Q = (-274D»H)* .... (34); 
also from Equation 28 (Eytelwein's) we derive 

Q = C292D5H)* .... (35); 
and from Equation 31 (Blackwell's) 

Q=(-268D5H)« .... (36). 
For short lengths of pipe the following formula will lie 
found useful, where d is the diameter in inches, A the hei||bt 
or fall of the pipe in feet, and I the length in feet. Then thft 
discharge in cubic feet per minute is 

__hd^__\h 
(0448 (l + 4-2 d)i ' 

Example : Bequu'ed the discharge of a 2-inch pipe 100 feet 

long, with a fall of 4 feet. 

Let Q' be the discharge in cubic feet per minute. Then lie 
have from Prony's equation (20) 

Q' = (986 D5 H)2 =31-4 (D^H)* . . (37) ; 
from Eytelwein's equation (24), 

Q' = (1051 D^H)^ = 32-42 (D^ H)^ . (38) ; 
and from Blackwell's equation (27), 

Q' = (965 D5 H)^ = 31 (D-*^ H)^ . . . (39). 
If for H we substitute h and /, both in feet, we hare onlj 
to multiply the coeflficient in each of the above equations bf 
72*66, the square root of 5280, the number of feet in amOc. 
Thus the value of Q', 

according to Prony, is 2282 (5!^ . . . (40) ; 

i 

according to Eytelwein, 2356 2!^ , . . (41) . 

V* 
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ording to Blackwell, 2252 ^5-^ . . . (42). 

\Jl 

formula 4 1 is identical with the one which Mr. Beardmore 
used to calculate his Table of Discharges (see page xvii., 
irdmore's 'Hydraulic Tables/ 2nd edition), g 
\i dy the diameter of the pipe, be expressed in inches, as is 
juently the case, all the other dimensions being in feet, we 

have only to divide the coefficient by 12* = 498*8. We 

n obtain the following values of Q' :— 

i 

5y Prony's formula, 457 ^^ ^} ^ = Q' . . (43) 
Eytelwein's, „ 472 (^^1^ = Q' . . (44) 

Blackwell's „4-51^^i^ = Q' . . (45) 

v& 

Formula 44 is the same as that which has been derived 
m Eytelwein's equation for short lengths, in which the 
meter exceeds y^th part of the length, namely 

1-0048 (l + ^'2d)i 
3ere -0448 = ^, or the reciprocal of the square of 

telwein's coefficient. 

Sytelwein's formula 44 is also identical with that given by 

. Pole, where /, the length, is expressed in yards, d in 

hes, and h in feet as before. (Paper in * Journal of Gas- 

;hting/ 10th June, 1852.) 

Vfr. Pole's form is. 



Q' = 2-72 d^ 



V hd 
l-^-d 



ire 2*72 = 4*72-r- >y^3, or equal to Eytelwein's coefficient 
ided by the square root of 3. 
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Table 1. 


n 




Horie-PovKT, ahmning the amounl required la raise fro 


m 50,000 


to 10,000,000 tffl/tons l/oo( high 


» 24 Aon™. 






xlKi 


h™ 


GaJlonillfi'd 


Hot.* 


ou 1it«d 


g^^ 




'iS 


POWEF 


iiKiS 




iss. . 


lUimL 




)00 


■0105 


1,400,000 


■2946 


2,750,000 


5787 




)00 


■0210 


1,450,000 




3051 


2.800,000 


5802 




)00 


■0316 


1,500,000 




315? 


2,850,000 


5998 




mo 


■0421 


1,550,000 




3202 


2,900,000 


6103 




>oo 


■0520 


1,600,000 




33B7 


2,950,000 


6208 






■0631 


1,650,000 




3472- 


3,000,000 


0313 




00 


■0737 


1,700,000 




35J7 


3,050.000 


641S 




00 


■0842 


1.750,000 




3683 


3,100,000 


6524 




00 


■0947 


1,800,000 




37BB 


3,150,000 






00 


■1052 


1.850,000 




3893 


3,200,000 


6734 




00 


■1157 


1,900,000 




3998 


3.250,000 


CS39 




00 


■I 263 


1,950,000 




4104 


3,300.000 


6945 




00 


■130S 


2,000,000 




4209 


3,350,000 


7050 






■1473 


2.050,000 




4314 


3,400,000 


7155 




00 


■1578 


2,100,000 




4419 


3,450,000 


7260 




00 


■1684 


2,150,000 




4524 


3,500,000 


7365 




00 


■1789 


2,200,000 




4630 


3,550,000 


7471 




00 


■1894 


2,250,000 




4735 


3.600,000 


7576 




□0 


■1999 


2,300,000 




4840 


3,650.000 


76B1 




00 


■2104 


2,350,000 




4945 


3.700,000 


7786 




00 


■2200 


2,400,000 




■5051 


3,750,000 


7892 






■2315 


2.450,000 




5150 


3.800,000 


7997 




00 




2,500,000 




5261 


3,850,000 


8102 




00 


■2525 


2,550.000 




5366 


3,900.000 


3207 




00 


■2631 


2,600,000 




6471 


3,950,000 


8312 




00 


■2736 


2,650,000 




5577 


4.000,000 


8418 




DO 


■2841 


2,700,000 


■5682 


4,050,000 


8523 


1 


\ ^ 



1 


m 


■ 


Tablb L—Omtiaiud 


^^ 


■ 


otnouniM 


HOTH 




H<.« 


Oillamflftnl 


^31 




) logl high 




1 Chigh 




Kooihieb 


f^ 1 


1 


If. >t koyn 


n^ilr.^. 


mMhoiB, 


nsqidnd. 




m,d»L 


4.100.000 


■8628 


6,100.000 


1-8837 


8.100.000 


1-70(6 




4.1SO,000 


■9733 


6,150,000 


1-2942 


8.150,000 


I'jm 




4.800.000 


■8838 


6.200,000 


1-3047 


8,200,000 


!-r25S 




4.850.000 


■8914 


6.250.000 


1-3153 


8,850,000 


1-7S61 




4.300,000 


■90J9 


6.300,000 


1-3258 


8.300.000 


i'746; 




4.35U.OOO 


''ji:.4 


' 6.350,000 


1-3363 


8.350.000 


l-7&?2 




4^00.000 


■9259 


6,400,000 


1-3468 


8,400.000 


1-787! 




4.450,000 


■9305 


6.450,000 


1S573 


8,430,000 


1'778» 




4,SO0.OO0 


■9t70 


6,500,000 


1-3679 


8.500,000 


l'7fl87 




4.550.000 


■9575 


6,550,000 


13764 


8.550,000 


1-7M8 




4.(100.000 


•9680 


6.600,000 


1-38S8 


8.600,006 


1-SOH 




4.«so.ooa 


■9;b5 


6.650,000 


1-3993 


8,630,000 






4,700,000 


■989 1 


j 6.700,000 


14008 


8,700,000 


l«3Mfl 




4,750,000 


■9996 


6,750,000 


1-4204 


8,750,000 






4.800,000 


I'OIOI 


6,800.000 


1-4309 


8,800.000 






**50,000 


i^oaoe 


6.850.000 


{■4414 


8.650.000 






4,000.000 


1031! 


6.9O0.000 


1^4519 


8,900,000 






4,950,000 


1-0417 


6,950,000 


1-4625 


8,950,000 






B, 000,000 


1-1)523 


7.000.000 


1-4731 


9.000,000 






S,0i0.000 


1-0827 


7.050.000 


1-4836 


9,050.000 






5,100,000 


10732 


"7,100.000 


1-4911 


9,100,000 






S.ISO.OOO 


1-0B38 


7,150.000 


1-5046 


9.150.OU0 






s,aoo,ouo 


l-09t3 


7.200,000 


1-5152 


9.800.000 






5,350,000 


1-1048 


7.25O.O00 


l-5a57 


9,850.000 






5,800.01)0 


1-1 153 


7400.000 


15362 


9,300,000 






5,350,000 


11159 


7450,000 


1-5467 


9,350,000 


l-96r6 




5,400.000 


11364 


7,400,000 


I-SS73 


9.400,000 


1-9781 




5,450.000 


1-1460 


7.450,000 


1-5678 


9,450.000 


1'98B7 




5.500,000 


11574 


7,500.000 


1'6783 


9,500,000 


1-9992 , 




5,550,000 


11679 


7.S50.000 


1-5888 


9,550.000 


8-0097 I 




5,600,000 


1-1785 


7,600,000 


1-5993 


9,600.000 


2-02O! 




5.650,000 


MB90 


7.S50.OO0 


1-6099 


9,650.000 


2-0307 1 




5.700,000 


M99S 


7.7O0.0O0 


1-6204 


9.7 00.000 


a-0413 




5.750,000 


1<2100 


7.750,000 


1-6309 


9.750,000 


S'0318 




5,800.000 


1^2206 


7,800,000 


16414 


9,800,000 


i;0«8a 




S,R50.00D 


1-8311 


7,850,000 


1-6520 


9.830,000 


(■0J8S 




fi,»ao,ooo 


1-8416 


7,900,000 


1-6625 


9.900,000 


2-0834 




5.950.00O 


i-asai 


7,950,000 


1-6730 


9,950,000 


2-0939 




A.ODO,000 


l^a626 


8,006,000 


1-6835 


10,000,000 


2-1044 




6,050.000 


1-2732 


8,050,000 


1-6940 




1 


L;^ J 
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Table II. 

%oiotR^ the Power of Cornish Engines working with a load of IS Uts.per 
^mare inch on the Piston, and an effective Velocity of W^feet per minute. 



Diameter 
Of Cylinder 
In inches. 


Area of 
Cylinder in 

square 
inches = a. 


Horse Power 
of Engine 
axisxii 

3300 


Diameter 

of Cylinder 

in inches. 


Area of 
Cylinder in 

square 
inches = a. 


Horse Power 
of Engine 
axisxil 

33U0 


15 
16 
17 
18 
19 
20 
21 
22 


177 
201 
227 
254 
284 
314 
346 
380 


11 
12 
14 
15 
17 
19 
21 
23 


23 
24 
25 
26 
27 
28 
29 


415 
452 
491 
531 
573 
616 
661 


25 
27 
29 
32 
34 
37 
40 



Table III. 



SloiPMj^ the Power of Cornish Engines working with a load of 17 Us. per 
fMare inch on the Piston, and an effective Velocity of HO feet per minute. 



ofC^flisder 
inmdbes. 


Area of 
Cylinder in 

square 
inches^a. 


Horse Power 
of Engine 
0x17x11 

3W0 


Diameter 

of Cylinder 

in inches. 


Area of 
Cylinder in 

square 
incbes=a. 


Horse Power 
0x17x11 

3390 


30 
31 
32 
33 
34 
35 
36 
37 


707 
755 
804 
855 
908 
962 
1018 
1075 


40 

42 
45 
48 
51 
54 
58 
61 


38 
39 
40 
41 
42 
43 
44 
45 


1134 
1195 
1257 
1320 
1385 
1452 
1521 
1590 


64 

68 
71 
75 

79 
82 
86 
90 



Table IV. 



Viowiaff the Power of Cornish Engines working with a had of 10 Us. per 
sguare inch on the Piston, and an effective Velocity of HO feet. 



Diameter 
vf Cylinder 
in inches. 


Area of 
Piston in 

square 
inches =a. 


Horse Power 
0x16x11 

3300 


Diameter 

of Cylinder 

in inches. 


Area of 
Piston in 

square 
inches =a. 


Hors3 Power 
0x16x11 

3300 


45 
46 
47 
48 
49 
50 
51 
52 


1590 
1662 
1735 
1810 
1886 
1963 
2043 
2124 


85 

88 

92 

97 

100 

103 

108 

113 


53 
54 
55 
56 
57 
58 
59 
60 


2206 
2290 
2376 
2463 
2552 
2642 
2734 
2827 


118 
122 
127 
131 
136 
141 
146 
151 
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Table V. 


• 




Showing the Power of Cornish Engines working with a had ( 


9/i5ai.|ff 


sqfiare inch on the Pistout and an effective Velocity of HO feet per mmiAJ 


Diameter 


Area of 
Piston in 

square 
ivches=a. 


Horse Power 


Diameter 


Area of 
Piston in 

square 
incnessa. 


HoneFHI 


of Cylinder 
in inches. 


axisxii 
3300 


of Cylinder 
in mches. 


axisxu 


60 


2827 


141 


81 


5153 


259 


61 


2922 


146 


82 


5281 


m 


62 


3019 


151 


83 


5411 


271 


63 


3117 


156 


84 


5542 


277 


64 


3217 


161 


85 


5675 


283 


65 


3318 


166 


86 


5809 


290 


66 


3421 


171 


87 


5945 


297 


67 


3525 


176 


88 


6082 


304 


68 


3632 


182 


89 


6221 


311 


69 


3739 


187 


90 


6362 


318 


70 


3848 


192 


91 


6504 


325 


71 


3959 


198 


92 


6648 


332 


72 


4071 


204 


93 


6793 


339 


73 


4185 


209 


94 


6940 


347 


74 


4301 


215 


95 


7088 


354 


75 


4418 


221 


96 


7238 


361 


76 


4536 


227 


97 


7390 


369 


77 


4657 


233 


98 


7543 


377 


78 


4778 


239 


99 


7698 


384 


79 


4902 


245 


100 


7854 


392 


80 


5026 

1 


251 





















HoHSE-FonKB or Cobnisb Steam-E> 
By Mr. John Dartinglon. 
The following Table has been compiled with Ibe object of fiiniishing 
I ipprDximate value of the poner in borsea rendered by Comish Fomp- 
g Eaginea having eylinders from 15 to 100 inches diameter. The 
iments emptofed for the calcnlations are those luoet usual with Comish 
igineera ; and the eS'ective horse-power per stroke ia given, that the iO' 
Brer may ascertiin the total value of lioree-power resulting from work- 
B aaj given number of strokes per minute. The steam in most of the 
jnicb Pumping Engines is only permitted to aet on one side of the pis- 
B; hence such mode of working is technieallj termed " single acting." 
Mently however il has been considered that equal economy is obtained 
"introducing the sleani on both sides of the piston, and a few engines 
C in operation on thia principle. The horsepower of such (ilooble- 
Ung) engines nay be found by donbling the results ^vea in the Table. 

DTW-Poicfr, Load in Pounds, and Speed per Mimtie qf Comith "Sir^le 
Jntinff" Expamive Steam Pumping Engines, having Cylinder from 15 
inchet to 100 inches diameter. 



\-i 


hof. 


™k.,-M 


imPrwiu 


tots 


.^. 


fa Lb 


.leis 


.siIitriction=H 


Ub., 


\i 


1 


1 


Si 


SCro;keE per 


in Feet. 


Hone Vbvsi. 


IJ 
IS 


i 


77 


« 


■gi 


i 


1? 


S" 


P 


fc 


i 


1 


II 


II 


II 


1 


II 


n 




s 


< 


J 


k^ 


& 


P 


1 


1^ 


1 


b, 


~VU 




lb< 






~Fl. 


"fT 








IS 




176-71 


2;ai6 




14 


80 


224 


3-04 


8-53 


■609 


16 




SOl-OG 


2.803 




14 


80 


224 


3-47 


9-71 


■694 


17 




226-99 


3,232 




14 


80 


224 


3-Bl 


10'9G 


■JB3 


la 




254'4G 


3,623 




14 


80 


224 


4-39 


12-29 


■8T8 


i> 




283-62 


4,037 






80 


224 


4'89 


13-70 


■97a 


» 




314'1G 


4,473 


4i 






210 


6'48 


14-03 


1-319 


!1 




316-30 


4,932 


41 






210 


6-05 


16-14 


1-346 


!2 




380'13 


6,413 








216 


6-62 


17-71 


1^476 


!3 




415'47 


5,91S 




12 




216 


7-26 


19-36 


1-613 


U 




452-39 


6.442 




12 




216 


J-90 


21-08 


1-766 


!5 


9S 


490-87 


e,9B9 




10 


851 


200 


9'OS 


21-17 


2013 


16 


9-5 


33»m 


7,560 




ID 


851 


200 


9-79 


22-90 


2-17li 
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Tablk Vl.—Omtimved. 
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■E 

1 


ill 


'^^r 


in FM. 


B<^E Poif 




4 




Jf 


ll 


f 


k. 


n. 


Ivi. 


ibi. 






Ft 


F,. 








a? 


9-5 


37253 


8,153 


a 


10 


85J 




10-56 


24- 




IB 


OS 


613-75 


8,768 


*i 


10 


851 


200 


11-35 


26- 




» 


»S 


660-31 


9,(05 


*i 


10 


85i 


200 


12-18 


26- 




90 


10 


nK'SS 


10,065 




10 


SO 


■ioo 


12-20 


30- 




31 


10 


;M-76 


10,747 




10 


80 


200 


1302 


32- 




S3 


10 


8042* 


11,452 




10 


80 


200 


13-88 


34- 




S3 
St 


10 
18 


83330 

9t)T$t 


12.179 




10 

to 


80 


200 

200 


1476 
15-67 


36- 
39- 


12,929 




» 


10 


96111 


13,700 




11 


80 


209 


16-60 


41- 




36 


10 


1017-8 


14,492 




10 


80 


200 


17-56 


43- 




S7 


10 


1075-a 


15.310 




10 


80 


200 


18-S3 


46- 




S« 


10 


1U4'1 


1<>.I49 




lU 


80 


200 


19-37 


48- 




S9 


10 


U-Si-b 


17.009 




10 


80 


200 


20-61 


51- 




40 


lU 


1256-3 


17.H94 


4 


10 


SO 


200 


21-68 


54- 




41 


10 


13202 


18.799 






80 


200 


22-78 


56- 




41 


10 


13SW 


19,729 




10 


80 


200 


23-91 


59- 




43 


ID 


U52'2 


20.679 




10 


80 


2O0 


25-06 


62- 






10 


1520-5 


21,652 




10 


80 


200 


26-24 


G5- 




43 


10 


100(1-4 


22.047 




10 


80 


2O0 


27-45 


69- 




46 


10 


Ifii>l'9 


23,664 




10 


80 


200 


28-68 


71' 




*J 


10 


1734 '9 


24,703 




10 


80 


20O 


29-94 


74- 




48 


in 


IB09-5 


25,768 




10 


BO 


200 


31-23 


78- 




49 


10 


18857 


26,952 




10 


80 


200 


32-54 


81- 




SO 


10 


1963-5 


27,956 




10 


80 


200 


33-88 


84- 




&1 


10 


2042-9 


29,0B9 




10 


90 


200 


35-25 


SB- 




S2 


10 


2123-7 


30,240 




10 


80 


200 


36-63 


SI- 




S3 


ID 


2SDS-1 


31,414 
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APPENDIX. 



Tablb op the Tikld of Chalk Wslls. 



SitaatioB. 



Yield in gal- 
lons per day. 



AmweU HiU WeU 



AmweU End WeU 
Chethant Well . 
Tottenham Court Road* 
Southampton 

Camden Stationf 
Brighton • 
Plomitead Common . 
Reid't Brewery . 
Tmman and Hanbury 
Experimental WeU at Wat. 
ford • • • • 



2,466,000 



1,701.000 
702,000 
630,000 
288,000 

300,000 
232,000 
600,000 
277,200 
166,320 

1,800,000 



Authority. 



Evidence of R. W. Mj 
Esq., MetropoUtan W 
supply. 

Ditto. 
Ditto. 
Ditto. 
' Hampshire Independ( 

May, 1841< 
Mr. Paton. 
Mr. R. Stephenson. 
Mr. Homersbam. 
Mr. Braithwaite. 
Mr. Dayidson. 

Mr. Stephenson & Mr. ?i 



List op somb op the Principal Chalk Springs in Englj 

1. Situate on the Long Slope of the Chalk. 

Leatherhead, close to Guildford Road. 

Croydon, near the church. 

Carshalton. 

Orpington. 

Birchington, Isle of Thanet. 

Bedliampton, near Portsmouth. 

Chadwell, near Hertford, yielding from 2,700,000 gaUons up to 4. 
lion gaUons per day. 

Woolmers, in the valley of the Lea, yielding 2,700,000 gaUons pe 

Iviver Lea above Luton, chiefly spring water, yielding 5,400,000 g 
per day. 

2. Springs situate on the Escarpment side^ or Short Slope of the C 

Bourne Mill, near Farnham. 

The Holy WeU at Kempering, on the south side of the North 'Do\ 



* In 1843 Mr. Mylne stated the yield of this weU was 423,360 gi 
per day. The spring was met with 234 feet below the surface. 

t WeU sunk 180 feet deep down to the chaUc, then bored 200 
deep in chalk. 
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pLydiien Spout, nciir Polkeatono. 
I The Holy Well, Beachev Head Cliff. 
I Nine Wclk, near Cambridge, yielding ^23,000 gallons 
my gaugings in Oclober, 1HS4. 
trrjr Hinton, near Cambridge, yielding 702,000 gal 
o my gflugings in October, 1854. 

I Cberilon, near Folkestone. 



T day accora*( 
a per day af 



SOUTH STAFFORDSHIRE WATERWORKS. 



I ThisConlraot comprises the making, erecting, and setting to work of on 
if engines, nith boilers and pumps complete, capable of delivering ) 
t hours' work 2,500,000 gallons of water through the main pip^ 
I on the pumps, including the friction of* the wati 
I, of 355 feet. 

!S ace to be erected on a certeia plot of land called Saudgatq, 1 
iniag tbe South StaffordEhire Railtray, and lying about halfiray b 
mthe Hammetnicb and Lichfield Stations of that Railway, and boundc 
le aide thereof by the liehfleld Branch of the Birmingham Cana!, 
te general arrangement and design of the engine, &G. is shonn on 
ring altached to tliia Specification. 

igines are to be condensing and e^ipansive douhle-acthig h 
coupled together and working with cranks on tbe same en 
.h one fly-wheel between them. 

nnecting-rods are to be made so that either engine can be ea>i]| 

Minected at the crank-pin ; and either eng;ine must be able to wori 

\t aa well as in conjunction with the other; and nhen working alon 

It be able to perform one-half of the work specilied for the pair. 

le to have one steam-cylinder without jacket. The st 

double-beat gun-metal, with proper nozzles complete, ai 

ie and expansive gearing, so as to cut off the steam at aoy rcqaiCM 

IB of tbe atroke. 

t air-pump vaWes to be formed of vulcaui-ted india-rubber fl 
D gun-metal gratings. 

ncipa! dimensions of the engines are to be as onder : — 
n-cylinder» 4G inches diameter each ; length of stroke of ditto, j 



I 



»lrcn« IcBgib of main buni Trom cfMrniia ceatn to eonnccting-nl 
c, SO fNl r> inclm : radius of a«nk, 1 feet. 
Hdgbt of beiB eentn froa Bocir at cDgiii«-boine, 21 licet i a 
WMtbfroiD ccntreof aneengiaeloceiitreaf theotliH-, Ufcet2iB 
-r of fl;-irbeel nut la* tlian !1 feet, witb Urge ind 
« icguUtc tlir motion of Hie tngine* perintly. 
Tilt piilon-rods of the cylinders niutl be of the bert refinet 

« Gltcd witb the miul ipproved metKllic iiuking. 
The cmuki, cnnk-almns, uid beam-ccntrea must be all of Iht ( 
oaghl ifOD. 
I All tbe liearinp miul be fonned of (he best guB-metal, of ai 
t> «ud atrengili, and be fitted into tbeir places so as to bear on tb 
IT Uirii wbole imlace. 
I Etny part of tbe enginei miut be made strong enongh to bear ni 
Mking tea tlmea tbe maximum stnun that cat] 

m floor, supported on irou girders, is to be placed re 
T part of the crUndcri. fcr tbe oonvenimce of packing the fi 
■mhung the pinuni ; to be connected witb tbe engine-lw 
m and tbe beam-tlooT abate, with neat open cut-iron stain i 
. CaiUiron irialet are to be fixed in a neat and conveaien 
jisrla of tbe cold-nater cislerns, well, and other putt H 
a li required ; proper railings to be proridcd where reqnired il 
^ent of the engineers of tbe Compan; for tbe enfety of tbe n 

A travel!) ng'Crane of the bnt deaeriptioo, capable of lilting teata 
to be provided and liied over the cnginei. 

The engmea arc la be flniihed ta bright eaginci; all the j^ 
be made melal and metal ; all leven, journals, and other working be 
to lie raie-hsrdened, and joint-pins under Ij inch diameter l« beof 
■nd the whole of this work Ihrougbont to be finished in tbe ben ll] 
modem engines. 

Each engine it Id be proTided nitb one double-aeting 
and lift well-pump, so made a> to diachirge equal quaii 
tbe up-and-down stroke. Tbe plungers are lo be worked Ly n 
strong coniicctiog-ruds direct from the main beam of 1] 
attached at Hie top lo tbe fl;-nheel connecting'rod c 
bottom to a croas-head fitted to the top of tbe plunger. To be ci 
at each enil wiih proiier straps and bearings. 

Ttie diaoieter of the pumps is to be such that tbe engines shall n 
above specified qiianllty of water when they are making 15 strol 






The 



iing pipe of tbe pump to be three timei tbe k 



i 

Fitful] 
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le plunger deeccnda into it. Proper guidee to be fixed ia mch 
manner as to secure a aniformly prrpendicular motion to the plunger. 

The pumps are to be placed on separate wells, in which water will stand 
^ feet below Ihe engine-house floor, and they must be provided with the 
LMt CDDveDieiit ladders, stages, and mcana of access to all the valves and 
IE necessary sneUon and delivery pipes. 

'Tipea are to he provided to eonnccl the two pumps together and with 
Unitdn through wliicli both are to pump. Each pump must also be pra- 
|M with a stop-valve, made perfectly tight, so as to prevent the return 
f (he water wlien either or both pumps are not at cvark, 

On eacb rising main, immediately above the working barrel and on the 
BBCbes-pipe connecting to the large water main, a <.inch blow-out valve 
[.to be placed, loaded to l&O lbs, to the square inch, aud eacli commanded 
^ 1 4-inch double-faced screw-cock, placed between the barrel or main 
'ft and the blow-off valve, bo as to ease the pump at starting. 

dr.veasel is to be provided to each pump, the capacity of each of 

must be equal to ten times the quantity of water raised by both 

» in one complete stroke of the engines. These air-vessels must he 

,0 be perfeclly tight under a pressure of 600 feet of water. 

ybeh air-vessel must be provided with proper diseharge and filling pipes 

)1 taps, and wrought-iron diaphragm floats filling nearly the whole in- 

:r of the air-vessel, so as to ke^ the surface of the water in 

il ^-vessel as far as possible from contact with the contained ah-. 

Proper double-faced atop-oocks of Nasmyth's pattern mutt be placed in 

e inlet and outlet pipe to eacb air-vessel and the pipe connecting the 

O pumps. 

Vbe pu"ip ^"^ well-worh is all to be made on the most improved plans, 

3 the pump-va1ves must be Hosking's patent gutta-percha ball valvee. 

Cliucket to be geared with metallic packing. 

Hie engines to be provided with proper balance -weights at the cylindsr 

It, to be fixed either in the pistons or between the cheeks of the beama. 

•a to balance the plunger ends. 

toar boilers are to be provided, of the following dimensions, viz. cylin- 

lOal, with flat ends, and two internal tubes passing thrnngh each. Each 

Qer is to be 32 feet long, 7 feet diameter, and the iulemal tubes 2 feet 

iochei diameter above the Ere-pleces, and 1 foot 9 inches diameter 

The plates far tliese hollen are to be -^ inch thick, except the end 
ites, which are to be -^ mch thick, with angle iron ribs riveted on to 
ffen them. 

The ordinaiy working pressure of the steam is not to eiceed SB lbs. per 
uare inch; but all the boilers must lie proved by water pressure to bti 



ftHtetlj ligU Doder ■ prexnit of SOIba. per square iaeb In 
ftMd. < 

AH Ibe bfiOo pUta nc to be of the best Stiffordthire iron 
•xetptiOB of thote OTCi (be tat, which are lo be of Lowii 

The (IMtii-pipe* in to commuaicale with eacb boiler bj nt 
(lMUn-*t)n. ud • litnlUr steam throttle-islTe u to be proricie 
tngine la the ODgine-haiue, to that either engine may be ttwieit 

Similar arrsugciuenii ve to be made to eu&ble anr boiler to 
dtlin- engine. The blow^fT hot ind cold feed must be so antt 
proptr itopeocki. ai all to enler the boikr through one juncti 
be ilMched to the bollom cf tbe boiler Rt the front en( 

A itrougbl-iron eigiinnon flange to be provided and rivefl 
alia range of ileini-pi(wi belncen ewb boiler. 

Each boikr to hare two cait-iroo mui-hole lids riveted on ai 
of the bailer, anil one wrougbt-iroa min-bole and cleocb plate 1 
in part of the boiler belrm and betn'een tbe tubes. 

Each boQer 10 be filled with one blow-off valve attached to 
miD-bole lirla & inchfi dioinetei ; three biasi gauge-cocks, a gli 
gauge, and float-gauge and nbistle to be attached to each bd 
uh-pit to be rorered with itrong smooth cast-iron plates- 
Approved tteam and vacuum gauges fo be provided and Si 
engine-house. A' complete set of spanners to Gt every sized i 
engine and pump-work, to be arranged opon a cast-ire 
ngoinsl the wall of (he engine-house. Two sets of Uriiig-inni^ 
taps and dies, with hammcn, files, cbiscts. and vice to be pro 
•et of imall brass oil-cups tud sipbons with spring lids to be al 
the principal beatings. A well-gauge and float ii to be fixed M 
seen in the engine-house. An approved counter to be affixed n 
giae-beam. lo (bat it cannot be worked except tbe engine i 

The following duplicates ore to be provided: — A set 
bucket) and clacks ; ditto for cold water pump; a duplicate vb1< 
description of steam and stop-valve throughout tbe engine; a 
tubes for guard-gauges ; twelve bolls and nuts for cylinder et 
pistons, twelve for clack doors, six for plunger glands. 

Tbe engine eyboders and all (he steam-plpcs are to be coi 
Inches thickness of felt and canvas, to prevent the radiation 
lagged on Ihc outside with 1 inch wrought and bead deal lag 
hooped round. 

All the work is lo be painled once before leaving the contrao 
miaes, and is lo receive two more coats of oil-paint after being G^ 




j£catioa a iaiended to describe generallf the engines, piimpe, 
!ers required, but is to be uaderEtood that the contraclor is to pro- 
1 fix complete everj' kind of iran-ndrk, atesm-fced, condensed and 
Bier pipes, suction pipes, delivery pipes, foundation plates, nashere, 
and boiler fittings, dampers, girders, floor plates, and apparatus of 
ilid In the engine and boiler-house and ireU, that arc required (o 
le works complete in every respect, and capable of performing the 
|uired, although many of the details may not be speeialiy described 
ipeeiGcation. 

le work described in this speeiiieBlion is to be made with the best 
a and workmanEhip, and is in all respects to be Eubjcct to the 
1 of the Company's engineers, and to their inspection at all times 
,he {trogress of the nark. 

to be nnderstood that no eatllmork, bricklayers' nork, masons' or 
' work is included in this specification. This part of the tcork is 
rented by the Waterworks Company i but the coatraetors for the 
sball, within one month of signing the contract, supply the Com- 
ingineer with a detail working drawing, showing the entire engines, 
and pump-work, together with the masonry and brickwork required 
roundations and boiler aeatings, with the position of all foundation 
nd holding-down bolts clearly marked on. 

aigineera shall have full power to alter, vary, diminish, or increase 
ki, withont in any way releasing the contractors from the respon- 
and conditions attached to this contract ; any additions to or dc 
I from the amount of works included in this contract which may 
B by an order in writing by the engineers shall be added or de- 
from the amount of the contract according to the Echedule of prices 
I. 

vhole of these works are to he delivered, £ied,and set to work on 
before mentioned on or before September 30, 1856. 
lent to be made upon the certificate of the engineers as follows : — 
Qent. of the conltacC amount immediately work to that lalne shall 
en delivered upon the gronnd; an additional 30 per cent, when the 
if the work shall Imve been delivered ; a furlher iostslmeut of 30 
I. when the engines shall have been started, and are working to the 

lalance by two equal instalments, one at the end of si^ months, and 
X at the end of twelve months from the period of starling the en- 
l|doriDg which period the contractors will be responsible (or the 



864 APrviiDix. 

eBgtnet and have to keep titem in good repair; and the bahne 
mentioned shall only be paid provided that the contractors shall h 
llUed all the conditions of the contract to the satisfactioB of the En 
And in case of any dispute as to any matter of accotmt between tl 
pany and the contractor, the same shall be r e fe rred to the en 
whoae decision shall be final and binding between both parties. 



The pumps of the Wolverhampton Waterworks at Tettenhall t 
neously described at page 191 as lifting-pumps with a plunger-pii 
have ascertained, while these sheets are passing through the pn 
they are force-pumps with a solid plunger-pole. The water ent 
pump-barrel near the top, as shown in figures 19 and 20, and on 
scent of the plunger-pole a quantity of water, equal to the volume < 
of the plunger-pole, is displaced at each stroke and forced up th< 
pipes C C. The body of the pump B is considerably greater in d 
than the plunger-pole, so that the water readfly enters as soon as tb 
stroke commences. I am indebted for this correction to Mr. Mart 
cent paper read before the Institution of Mechanical Engineers. 
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In cloth boards, 6s. 6d. ; half morocxx). Is. (StL 

79**. PHOTOGRAPHY, a Popular Treatise on, from theFrendi 
of D. Van Monckhoven, by W. H. Hiomthwaite. U, 6d, 

96. ASTRONOMY, by the Rev. R. Main. Is. 

107. METROPOLITAN BUILDINGS ACT, and THE METRO- 

POLITAN ACT FOR REGULATING THE SUPPLY 
OF GAS, with Notes, by D. Gibbons and R. Heaketh. 2ff. 6i 

108. METROPOLITAN LOCAL MANAGEMENT ACTS. h. 6i 

108*. METROPOLIS LOCAL MANAGEMENT AMENDMENT 
ACT, 1862; with Notes and Index. 1«. 

109. NUISANCES REMOVAL AND DISEASE PREVEOTEON 

ACT. 1«. 

110. RECENT LEGISLATIVE ACTS applying to Contractow, 

Merchants, and Tradesmen. Is, 

113. USE OF FIELD ARTILLERY ON SERVICE, by Jaubert, 
translated by Lieut.-Col. H. H. Maxwell. Is, 6d, 

113*. MEMOIR ON SWORDS, by Marey, translated by Lieut-CoL 
H. H. Maxwell. 1^. 

140. OUTLINES OP MODERN FARMING, by R. Scott Bnm. 

Vol. I. Soils, Manures, and Crops. 2s, 
141. Vol. n. Fanning 

Economy, Historical and Practical. 3^. 

142. VoL m. Stock- 
Cattle, Sheep, and Horses. 25. Qd, 

145. . VoL rV. Manage- 
ment of the Dairy — Pigs — Poultry. 2s, 

146. ■ -— Vol. V. Utilisation of 

Town Sewage — Irrigation — Reclamation of Waste Land. 28.^. 

The above 5 vols, bound in 2, cloth boards, 14s. 

150. A TREATISE ON LOGIC, PURE AND APPLIED, by 

S. H. Emmons, Esq. Is. Qd, 

VIRTUE BROTHERS & CO., 26, IVY LANE. 



L A HANDY BOOK ON THE LAW OP FRIEirDLY, DT- 

DUSTKIAL ANB PROVIDENT, BUILDING AND LOAH 

SOCIETIES, bj N. Wliite, b. 
^PKACTICAL HINTS FOE INVESTING MONEY: mth 

an Kiplaiiatitui of the Mode of Trajieaoting Buflinaaa on the 

Stock Eichange, by Prsncie Plajford, Sworn Broker. Is. 
fliOCKE ON THE CONDUCT OP THE HUMAH UHDBE- 

STAHDING, Seloctioos frDm, by S. H. Emmena. 2s. 
t GENERAL HINTS TO EMIGEANTS. 2s. 



PHYSICAL SCIENCE. 
^CHEMISTRY, bj Prof. Fownes, iccluding Agricultural Che- 
nuBtrj, for the nee of Farmera.. Is. 
SSEOLOGY, by Mnjar-Gen. PorOofi. Is. Gd. 
llDKEBALOGY, v/ith a Treatiae oa Minorfll Eocks or Aggre- 
k gates, by Dona. 2s. 

pjILECTKICITY, by Sir W. S. B&ins. Is. Gd. 
\ GALVAJflSM, AHTMAL AND VOLTAIC ELECTEIOITY, 

" "■■ W. S. Harris. Is. 6d. 
BMAGNETISM, Bsposition of, by Sir W. 6. Harris. 3j. M. 
ELECTRIC TELEGEAPH, History of, by E. Highton. 2i. 
I METALLURGY OP COPPER, bj R. H. lambom. &. 
I IraTALLUBQY OP SILVER AND LEAD, by R, H. lam- 

l ELECTHO-METALLUEGY, by A. Watt. Is. Gd. 
I .HANDBOOK OF THE TELEGKAPH, !^ R. Bond. Is, 
^ EXPERIMENTAL ESSAYS— On the Motion of Oamphoc 
and Modem Theory of Dew, by 0. Tomlizuon. li. 



BUILDING AND ARCHITECTURE. 

tARCHITECTURE, Orders of, by W. H. Leeds. U. 

■* Stales of, by T. Bury. Is. 6d. 

PrincJpleB of Design, by E. L. Gitbett 2c. 

UILDIHG, Iho Art of, by E. Dobeon. Is. 
BRICK AND TiLE MAKING, by E. Dobeon. 2s. 

" ISONEY AND STONE-CUTTINa, by E. Dobson. 2». 
bBAINING AND SEWAGE OP TOWNS AHD BUILD- 
INGS, by G. D. Dompsoy. 2s. 
(With Ko. 29, Drainage or Laxd, 2 tols. in 1, 3«.) 

VIRTUE BROTHERS & CO., 30, IVY LANE. 



4 SCIENTIFIC AND MECHANICAL WOBKS. 

-' 

35. BLASTING AKD QUAERYING OF STONE, AND BLOW- 

ING UP OF BRIDGES, by Lt.-Gen. Sir J. Burgoyne. UM 

36. DICTIONAEY OF TEEMS used by Architects, Bnildon, 

Engineers, Surveyors, &c, 4s. 

In. cloth boards, 5s. ; half morocco, Ot. 

40. COTTAGE BUILDING, by C. B. A lien. Is. 

44. FOUNDATIONS and CONCRETE WORKS, by E. Dobson. U 

46. LIMES, CEMENTS, MORTARS, CONCRETE, MASTICS, 
&c., by Q. R. BurnelL 1*. 6rf. 

57. WARMING AND VENTILATION, by 0. Tomlinson. 3». 
83**. CONSTRUCTION OF DOOR LOCKS, by C. Tomlinson. 

Is. 6d, 
111. ARCHES, PIERS, AND BUTTRESSES, by W. Bland. U&i. 
116. ACOUSTICS OF PUBLIC BUILDINGS, by T.R. Smith. l«.6i. 

123. CARPENTRY AND JOINERY, founded on Robison snd 

Tredgold. Is. Qd. 
123*. ILLUSTRATIVE PLATES to the preceding. 4to. 4s.^ 

124. ROOFS FOR PUBLIC AND PRIVATE BUILDINGS^ 

founded on Robison, Price,-and Tredgold. Is. 6d. 

124*. IRON ROOFS of Recent Construction— Descriptive Plates. 

4to. 45. 6d. 

127. ARCHITECTURAL MODELLING, Practical Instructions, 

by T. A. Richardson. Is. Qd. 

128. VITRUVIUS'S ARCHITECTURE, translated by J. GwUt, 

with Plates. 55. 
130. GRECIAN ARCHITECTURE, Principles of Beauty in, by 

the Earl of Aberdeen. Is. 
132. ERECTION OF DWELLING-HOUSES, with Specifications, 

Quantities of Materials, &c., by S. H. Brooks, 27 Plates. 2s. Qd. 



MACHINERY AND ENGINEERING. 

33. CRANES AND MACHINERY FOR RAISING HEAVI 

BODIES, the Art of Coustructing, by J. Glynn. Is. 

34. STEAM ENGINE, by Dr. Lardner. Is. 

i3. TUBULAR AND IRON GIRDER BRIDGES, mcludinft the 
Britannia and Conway Bridges, by G. D. Dempsey. Is. Gd. 



YIRTUE BROTHERS & CO., 26, IVY LANE. 



Ml. LIGHTHOUSES, thoir ConEtruclion and Dion 



S2. HAILWAYS, Oonsmiotion, by Sir M. StephenBon. Is. 6d. 

Ii2». KAILWAS CAPITAL AND DrVUlKNDS, with BtaUBtios 
of Working, bj E. D, ChattawBj. is. 

(Tola. 62 and 62* bound in 1, 2a. 6d.) 



3S*. LOCOMOTIVE ENGINES, bj G. D. Dempscy. Is. M. 
79*. ILLUSTHATI0N8 TO THE ABOVE. 4to. -is. Gd. 

88. MECHANISM AND CONSTRUCTION OF MACHIHBS, 
by T. Baker ; and TOOLS AND MACHINES, by J. NaHmTth, 
with 220 Woodcuts. 2s. M. 

114. MAOHINEKr,ConatrQotioniindWorli:inB,brO.D.AbeL1..6ii. 

115. PLATES TO THE ABOVE, 4to. 7». Gd. 

189. STEAM ENGINE, Mathematical Theoty of, by T.Bakor. Is. 



; CIVIL ENGINEERING, 8tc. 

13. OITIL ENGmEERING, by H. Law and G. B. BiirnoU. ii. 6d. 



31. WELL-SINKINO, BORING, AND PUMP WOIIE, by J. G. 
Swindell, rorieed bj G. E. BurneU, Is. 

46. EOAD-MAEING AND MAINTENANCE OP MACADA- 
MISED ROADS, by Gen. Sir J. Burgojno. Is. 6^. 

60. LAND AND ENGINEERING SURVEYING, by T. Baker. 2f. 
VIRTUE BUOTHERS ii CO., US, IVY LANE. 



6 SCIENTIFIC AND MECHANICAL WOKKS. 

63. AGRICULTURAL ENGINEERING, BUILDINGS, KOUVB 
POWERS, FIELD ENGINES, MACHINEBY, AND 
IMPLEMENTS, by G. H. Andrews. &. 

77*. ECONOMY OF FUEL, by T. S. Prideanx. Is. 

80*. EMBANKCNG LANDS FROM THE SEA, by J. Wigginfl. 2». 

82. WATER POWER, as applied to Mills, &c., by J. Glynn. 2». 

82**. A TREATISE ON GAS WORKS, AND THE PRACTICB 
OF MANUFACTURING AND DISTRIBUTING COAL 
GAS, by S. Hughes, C.E. 3s. 

82***. WATER-WORKS FOR CITIES AND TOWNS, by S. 

Hughes. Ss. 

117. SUBTERRANEOUS SURVEYING, AND RANGING THE 

LINE without the Magnet, by T. Fenwick, with AddirioM 
by T.Baker. 25.6c?. 

118. CIYIL ENGINEERING OF NORTH AMERICA, by D. 

Stevenson. 3^. 

120. HYDRAULIC ENGINEERING, by G. R. BumeU. 3s, 

121. RIVERS AND TORRENTS, and a Treatise on NAVI- 

GABLE CANALS AND RIVERS THAT* CARRY SA^H) 
AND MUD, from the Italian of Paul Frisi. 2*. 6d, 

125. COMBUSTION OF COAL, AND THE PREVENTION 
OF SMOKE, by C. Wye WiUiams, M.I.O.E. 3*. 



SHIP-BUILDING AND NAVIGATION. 

51. NAVAL ARCHITECTURE, by J. Peake. 35. 

.53*. SHIPS FOR OCEAN AND RIVER SERVICE, Construction 
of, by Captain H. A. Sommerfeldt. Is. 

63**. ATLAS OF 15 PLATES TO THE ABOVE, Drawn for 

Practice. 4to. 75. (Jd, 

54. MASTING, MAST-MAKING, and RIGGING OF SHIPS, 
by R. Kipping. Is. Gd. 

VIRTUE BROTHERS & CO., 26, IVY LANE. 



SCIENl'IFIC AKD MECHANICAL WOllKS. J 

'. IHON SHIP-BUILDING, by J, Grantham. &. 6d. 

I. ATLAS OF 24 PLATES to the preorfing. 4lo. 23s. Od. 

i. HATIQATION ; the Sailor'a Sea Book : How to Ifoep tho L.w 
and Work it off, kc. ; Law of Storms, and Kiplanatien ttf 
Terms, by J. Greenwood, 2s. 



9 bii. SHIPS AKD B0AT3, Forms of, by W. Bland. 1#. Gd. 

SAUTICAL ASTRONOMY AND NATIQATIOH. by J. E 

Young. 2i, 

K NAViaATION TABLES, for Use with the aboTe. U. Gd. 
i. SHIPS' ANCnOHS for aU SEEVICES, by a. Ootoell. li. fti 
I. SAILS AND SAItMAKING, by E. Kipping. N.A. 2s. Cd. 



ARITHMETIC AND MATHEMATICS- 

I. MEOHANICS, by Charles Tomlinson. 1». 



'. EEAD? EECKONER for the Measurement of land. Tables 
of Worfe at from 2.'. &d. to 20i. per acre, and Talimtion of 
Land from £1 to £1,000 per acre, by A. Arman. 1^. Gd. 

t GEOMETRY, DESCRIPTIVE, with a Theory of Shadaws 

Perspective, and a Deacription of the Principles and PnictiM 
of iBometrical Projection, by J. F. HeathBr. 2s. 



Examples, by J. B. Young. 



Y TO THE ABOVE, by J. E. Young. 1j. Gd. 
VIHTUE BHOTHEES & CO., EU, IVY r.ANK. 



80k ][QCA!nO!^AL ARITEMEnO: Tables for the MoiiUtiiili 

»of Simple IntervM, with LogsriUuns for Compaund Intiirci^ 
«nil Annuiiiw, bj W. Hipal«j. "- 



t ALQEBKA, t? J. Esddon. 



9». KEY AND COMPASIOH TO THB ABOVE, by J. K. 

Toang. 1). &d. 

88, BCCIID'S QEOMETRY, with Kbmj on Logic, by H, law. Sfc 



91, PLANE A aPIIKRICAL TBiaONOMETKY.byJ.ffimn, 2t. 

93. MESSLTLITIO:?, by T. BakCT. It. 6d. 

•M. LOGARimMS, Tables of : with Tahhe of Natiu«l Sinie 

sines, md TongdiU, by H. Iaw. 2s. 6(2. ,. 
97. STATICS AND DrNAMICS, by T.B.ker. I.. J" 

101. DIPFERESTLU. CALCULUS, by W. B. B. WoolhoMB. 
101". WEIGHTS AND MEAfilTHES OP AIL NATIOIIBi 

Weiehrtof Coins, und Divisions of Time ; with the Prinniplal 
whiiSx dotennino the Esto of Eichnnge, 1^ W. S. B. Wod- 
houte. U. Ijd, 

102. HfTEGEAL CALCULCabyH.Cm. U. 

103. ISTEGRAL CALCULUS, Eiainpl» of, by J. Hann. 
l&L DIFFERESIIAL CALCULUS, EizunpLjs of, willi Solutionfi 

by J. Uflddon. Is. ^^ 

105. ALGEBRA, GEOMETRY, and TRiaONOSIETB.Y. 

Mnemonical LcsaanB in, by Ihe Eov. T. P. Kirkman. U.U. 

^l. EEADY-EECEONER FOR MILLERS, PARMEHB, AHU 
MEECUANTS. ehowing the Value of any Quantity of Ooffl 
with tho Approximate Value of MiU-Konoa and MiU WorL ll 



137. EEY TO THE ABOVE, by A. ArroaQ. Is. 64. 

147. STEPPING STONE TO ARITHMETIC, by 

Arman. ScboolmBatcr, Ihiirleigh, Bods. Is. 

148, KEY TO TEE ABOVE, by A. Arman. U. 
VIRTUE BROTHERS i. CO., :>6, r\'Y LANE. 



NEW SERIES OF EDTTCATIONAL WOBKS. 



HierOKIES, GSAMIIARB, ANS SICTIONASIBS. 



I. ENGLAND, History of, by W. D. Hampton 
>. SREECE, History of, by W. D. Hamiltim 

End E. Lovien .... 
r. BOMB, History of, by B. Lorien 
i. CHKONOLOGY OF OTVIL AND ECCIE- 

eiastical History, Literutvtre, Art, and 

Civilieation, from the earlicat period tc 

iho prt^aent time , . > . , 
I. ENQLiaH GKAMMAH, by Hyde Clarke , 
L». HANDBOOK OP COMPAEATl-pE PHI- 

lology, by Hyde ClackB . 
J. BHGLISH DICTIONARY, above 100,000 

worda, or 50,000 more than in any eiisting 

wort. By Hyde Clarfeo . 

, witb Grannnar 

I. GREEK GRAMMAR, by H. C. Homilton . 
i. DICTIONAET. by H. R. Heui 

ton. Vol. ], Greek— EngliBb . 

r. — , — _, „ — Vol. 2. English — Greet 

Complete in I toI. 

, with Gra 

). LATDT GRAMMAR, by T. Goodwin 

>. DICTIONARY, by T. Goodwin. 

Vol. 1. Latin— English . 

- Vol. 2. English — Latin 



- Completi 



!to1. 



— , with Granmuir 



24. FRENCH GRAMMAR, by G. I. Strauss 

VUtTUE BEOTUBRS & CO., Efl. IVY LANE. 



NEW SERIES OP EDUCATIONAL WOHKS. 



i. FEESCn DICTIONARY, by A. Elwos. 
Vol. 1, Frciioli— Engliah .... 

5, . „ _ Vol. 2. Englieh— Frendi 

Complete in 1 Tol. 

, with Grammar 

I. ITAIJ.YN GR^iMMAB, by A. Elwes . 

i. TRIGLOT UICTIONARV, by 

A. Ehres. Vol. 1. Italian — EaBiish — 

Friiidi 

). — ~ VoL 2. English— Italian— French 

i. Vol. 3. Fronoh—Ilnlian— English 

Compli>lB in 1 Tol. 

— ■ ^__-, wilh Gr.immac 

t. ePAiasn OllAiEMAE, by A. Ehfca 

i EXGLISH AND ENGLTSII- 

SPAHISII DICTIONARY, by A. Elvi-« 

. , wia Gramm 

K GEBUAS ORASIMAR, fay G. L. Strauaa 

). R EADEB, from beet Authora 

1. TRIGLOT DICn'IONARY, by 

N. E. numilton. VoL I. English— Go^- 



-EnBT^6■ 



I. HEBREW DICHONART, by Dr. BreaiBc 

Vol. i. ncbraw- Englieh 

, Bith Grammn 

;. Vol. 3. EngliBh— Hflbre* 

Complote, with Grammor, in 2 vols 

I". GRAMMAR, by Dr. Bresku 

■. FEENCnANDESGLiaHPHBASEBOOK 
I, COMPOSITION JuND PUNCTUATION, 

by J. Brenan . ; . . 
I. DERITATrVB SPELLING- BOOK, by J. 

Kowbolham .... 



VIUTUE BROTHERS 4 CO., 26, IVY LANE. 



GfBEBS. AND LATIN CLASSICS. U 



GREEK AND LATIN CLASSICS, 

tlx Explanatory Notes in English, principally selected from die 
best German Commentators. 



LATIN SERIES. 

LATIN DELECTUS, with Vocabularies and Notes, by 
H. Yomig Is, 

CMSAH'S GALLIC WAE ; Notes by H. Young . , 28. 

COENELIUS NEPOS; Notes by H. Young . . . U. 

VIEGIL. The Georgics, Bucolics ; Notes by W. Eushton 
and H. Young ... ... la. 6d. 

VIEGIL'S -ENEID ; Notes by H. Young . . . 2». 

HOEACE. Odes and Epodes; Notes, Analysis and Ex- 
planation of Metres . . . . . . . la-. 

HOEACE. Satires and Epistles ; Notes by W. B. Smith Is, 6d. 

SALLUST. Catiline, Jugurlha ; Notes by W. M. Donne Is, Qd. 

TEEENCE. Andria and Heautontimorumenos ; Notes by 
J. Dayies . . . ... . .ls,6d, 

TEEENCE. Adelphi, Hecyra, and Phormio; Notes by J. 
Dayies 2s. 

dCEEO. De Amicitia, de Senectute, and Brutus ; Notes 
by W. B. Smith 2a, 

LIVY. Part I. Books i., ii, by H. Young • • Is. 6d. 

. Part n. Books iii., iv., v., by H. Young • Is, Qd. 

Part III. Booksxxi.,xxii.,byW. B.Smith . U,Qd. 

CATULLUS, TTBULLUS, OVID, and PEOPEETIUS, 
Selections from, by W. M. Donne 2*. 

SUETONIUS and the later Latin Writers, Selections from, 
by W. M. Donne 2$* 

" VIETUE BROTHERS & CO., 26, IVY LANE. 
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GREEK AND LATIN CLASSICS. 



r 



GREEK SERIES, 



Off A SmiLAB FLAN TO THE LATIN SERIES. 






1. GREEK INTRODUCTORY READER, by H. Young. 



• U, 

. u 

• It. 

l5.6i 

Is. 6i. 

U6<2. 
Is. M, 

Is. a 



2s. 



2s. 



On the same plan as the Latin Reader . 

2. XENOPHON. Anabasis, i. ii. iii., by H. Young 

3. XENOPHON. Anabasis, iv. v. vi. vii., by H. Young 

4. LUCIAN. Select Dialogues, by H. Young * 

5. HOMER. Hiad, i. to vi., by T. H. L. Lcary . 

6. HOMER. Hiad, vii. to xii., by T. H. L. Leary 

7. HOMER. Hiad, xiii. to xviii., by T. H. L. Leary 
6. HOMER. Hiad, xix. to xxiv., by T. H. L. Leary 
9. HOMER. Odyssey, i. to vi., by T. H. L. Leary 

10. HOMER. Odyssey, vii. to xii., by T. H. L. Leary 

11. HOMER. Odyssey, xiii. to xviii., by T. H. L. Leary 

12. HOMER. Odyssey, xix. to xxiv. ; and Hymns, by T. H. 

L. Leary 

13. PLATO. Apology, Crito, and Phajdo, by J. Davies 

14. HERODOTUS, i. ii., by T. H. L. Leary . 

15. HERODOTUS, iii. iv., by T. H. L. Leary 

16. HERODOTUS, v. vi. vii., by T. II. L. Leary . 

17. HERODOTUS, viii. ix., and Index, by T. H. L. Leary 

18. SOPHOCLES; GEdipus Tyrranus, by H. Young 
20. SOPHOCLES ; Antigone, by J. Milncr . 
23. EURIPIDES ; Hecuba and Medea, by W. B. Smith 
26. EURIPIDES ; Alcestis, by J. Milner 
30. ^SCHYLUS; Prometheus Yinctus, by J. Davies 
32. ^SCHYLUS ; Scptcm contra Thcbas, by J. Davies 

40. ARISTOPHANES ; Acharnians, by C. S. D. Townshend Is. 64. 

41. THUCYDIDES, i., by H. Young 1*. 

VIRTUE BROTHERS & CO., 26, IVY LANE. 
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EmnpleB snd Fu'ticuluB of icliul BmbaokmaDts, 
>nd kIk Practical RoBiaikB on the Be})air of old Bern i 

By JOHN wiggihb;f.g.s- 



A Ruaimmtsry Traaliie ot 

THE POWER OF WATER, 

plied tiy driie Flour Milla, and 1o give Motionifl 

«nd other Hjdroafnric Enginei 

Bj JOSEPH GLYNN, 1 

With sn Appen^x on Centrifugal and Botorj Pas 

lllugtrated. Prioa 2b. 

A Troal.iBo on 

OAS. WORKS. 

PRACTIOS OP MjNUFSCTOEISQ llTD DiST 

By SAMUKL HTJGIIES, Civil Engineer. ' 

Now Edition. Bsriaod bj W. Eichabm, ( 
niusiratBd. Pri™ 3s. 

A TrsBtiM on 
WAI£B.WO£KS, 



